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Hydraulic  Fluid  and  Seals  Workshop 


The  Materials  Directorate  of  the  Air  Force  Research  Laboratory  (AFRL/ML)  sponsored 
the  HydrauUc  Fluids  and  Seals  Workshop  which  centered  around  the  transition  from  MIL- 
H-5606  to  MIL-PRF-87257  hydraulic  fluid  but  also  included  discussions  about  future 
hydraulic  systems  and  future  developments  in  hydrauhc  fluids.  Of  the  13  papers 
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in  the  public  domain  but  are  not  conveniently  compiled  for  the  user.  Approximately  90 
people  attended,  including  representatives  from  the  United  Kingdom,  Canada  and 
Germany.  The  addresses  of  the  attendees  plus  those  who  have  requested  a  copy  of  the 
proceedings  are  included  at  the  back  of  the  report. 


Hydraulic  Fluid  and  Seals  Workshop  Agenda 
17-18  March  98 

17  Mar 

8-9  am  Registration 

9  am  Welcoming  Remarks,  Bob  Rapson,  AFRL  Materials  Directorate 

9:15  Hydraulic  Fluid  Background,  Development  and  Transition,  Ed  Snyder, 
Lois  Gschwender,  Shashi  Sharma  and  Stephanie  Flanagan,  AFRL 
Materials  Directorate 

1200  Lunch 

13:30-16:30 

B-IB  Testing  of  MIL-H-87257,  Jimmy  Schmidt,  Boeing,  Shashi  Sharma, 
AFRL  Materials  Directorate 

Hydraulic  Systems  Future,  Jimmy  Schmidt,  Glenn  Anderson,  Boeing 

C-135  Testing  and  Transition,  Pat  Donahay,  OC-ALC 

Seal  Material  Validation,  A1  Fletcher,  AFRL  Materials  Directorate,  John 
Pulsifer,  North  Island 
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Hydraulic  Fluid  and  Seals  Workshop  Agenda 
17-18  March  98 


18  Mar 

8-9  am  Registration 
9  am 

Future  Hydraulic  Fluid  Development 

Biodegradable  Hydraulic  Fluid,  Rich  Sapienza,  METSS 

Barium-free,  Corrosion  Inhibited  Hydraulic  Fluid,  Ken  Heater,  METSS 

Non-Flammable  Hydraulic  Ruid,  Lois  Gschwender,  AFRL  Materials 
Directorate 

Moisture  Levels  Causing  Ice  in  Hydraulic  Fluid,  Stephanie  Flanagan,  AFRL 
Materials  Directorate 

Hydraulic  Fluid  Purification,  Ed  Snyder,  Shashi  Sharma,  AFRL  Materials 
Directorate 

12:00-13:30  Lunch 


13:30-16:00  Discussion  or  Tours 


MIL-PRF-87257 
Fire  Resistant  Hydraulic  Fluid 


Wright-Patterson  AFB 


MIL-PRF-87257 
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Fire  Resistant  Hydraulic  Fluids 
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•  Engine  Nacelles 
Shorted  Electrical  Wires 


HYDRAULIC  FLUID  IGNITION  SOURCES 
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Three  fire  resistant  hydraulie  fluids 
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polyalphaolefin  (PAO),  H-538 
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Typical  Flash  Points  of  Fire  Resistant  Hydraulic 
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5606  83282  87257 
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AS  1241  -  Phosphate  ester-based 
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Used  in  military  only  in  “off  the  shelf’ 
commercial  aircraft  (C-9,  747ABCP,  etc.) 


AS  1241  -  Phosphate  ester-based 
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Logistic  problems  with  two  fluid  systems 
Military  operations  require  higher  temperature 


MIL-PRF-83282 
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MTT  ,-PRF-83282  Aircraft  Evaluations 
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•  Two  Additional  Flights  at  Lower  Altitudes  -  No 
Problems 
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Pilots  Could  Not  Determine  Any  Difference  Between  Operational 
Characteristics  of  A/C  with  Use  of  Either  MIL-H-5606  or  MlL-H-83282 
-  Reported  Reduced  Maintenance 


MIT  .-PRF-8,^282  Aircraft  Evaluations.  Cont^d 
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MIL-PRF-83282  (con’t) 
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MIL-PRF-83282  (con’t) 
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MIL-PRF-83282  (con’t) 
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back  to  normal 

Significant  Reduction  in  Hydraulic  Fire  Damase 
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USAF  Hydraulic  Fluid  Fire  Loss  History 

(Excluding  1987) 
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fill”  replacement  for  MIL-H-5606  with 
equivalent  low  temperature  viscosity 
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Lois  Gschwender 

U.S.  Air  Force  Research  Laboratory 
Wright-Patterson  Air  Force  Base,  Ohio,  USA 
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Dimer/Trimer  Blend 


MIL-PRF-87257  Development 
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fill  replacement  for  MIL-H-5606  with 
equivalent  low  temperature  viscosity 
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MIL-PRF-87257  Development 
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Hydraulic  Fluid  Components 
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Antifoam 
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MIL-PRF-87257  Development 
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Elastomer 
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Elastomer  Elastomer 


MIL-PRF-87257  Development 

Comparison  of  base  fluid  properties  -  overall  assessment 
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MIL-H-87257 


Pump  Tests  With  MIL-PRF- 87257 
Candidate  Hydraulic  Fluids 


Shashi  Shanna 


Materials  and  Manufacturing  Directorate 
Air  Force  Research  Laboratory,  WPAFB 
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Pump  Tests  With  MIL-PRF-87257 
Candidate  Hydraulic  Fluids 


•  Candidate  Fluids 

•  Test  Pump 

•  Test  Stand 

•  Pump  Test  Results 

•  Summary 
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Pump  Tests  With  MIL-PRF-87257 
Candidate  Hydraulic  Fluids 

Candidate  Fluids 

Batch  No.  Fluid  Description 


MLO  81-151  Silahydrocarbon 

MLO  85-306  PAO*  Dimer  + 

VI  Improver  + 
Metal  Deactivator 


MLO  85-109 
MLO  85-255 
MLO  86-38 


PAO  Dimer  -i-  Trimer 

PAO  Dimer  -i-  Trimer 

PAO  Dimer  +  Trimer  + 
Metal  Deactivator 


*  PAO:  Polyalphaolefin 


Pump  Tests  With  MIL-PRF-87257 
Candidate  Hydraulic  Fluids 


Test  Pump 

•  Vickers  Model  PV3-075- 15 

-  Axial  Flow  Piston  Pump 

-  3000  psig  Pressure  Compensated 

-  40  Horse  Power  at  7000  rpm 

-  22  gpm  Flow  Rate  at  7000  rpm 
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Pump  Tests  With  MIL-PRF-87257 
Candidate  Hydraulic  Fluids 

Lubrication  Regimes 

•  Boundary  Lubrication 

-  Gross  Metal-Metal  Contact 

-  Lower  Entraining  Speeds 

-  Influenced  by  the  Chemistry  of  the  Lubricant 
and  Material  Properties  of  the  Surfaces 

-  Anti-Wear  Additives  and  Surface 
Modifications  Help 

•  Fluid  Film  Lubrication 

-  Film  Thickness  Large  Compared  to  Surface 
Roughness 

-  No  (or  rare)  Metal-Metal  Contacts 

-  Film  Thickness  and  Power  Losses  Affected 
By 

»  Viscosity  of  the  Lubricant 
»  Pressure-Viscosity  Effects 
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Pump  Tests  With  MIL-PRF-87257 
Candidate  Hydraulic  Fluids 


•  Surfaces  Under  Boundary  Lubrication 

»  Actuator  Piston 
»  Shaft  and  Cylinder  Block  Splines 
»  Pintle  Bearings 

-  Following  Rotating/Sliding  Interfaces  at  Slower  Speeds 

»  Cylinder  Block  and  Valve  Plate  Faces 
»  Piston  Shoe  Faces  and  Piston 
»  Pistons  and  Cylinder  Bores 
»  Hold  Down  Plate  and  Bearing  Plate 
»  Main  Thrust  Ball  Bearing  and  Needle  Bearing 

•  Surfaces  Under  Fluid  Film  Lubrication 

-  Following  Rotating/Sliding  Interfaces  at  Higher  Speeds 

»  Piston  Shoe  Ball  Joints 
»  Cylinder  Block  and  Valve  Plate  Faces 
»  Piston  Shoe  Faces  and  Piston 
»  Pistons  and  Cylinder  Bores 
»  Hold  Down  Plate  and  Bearing  Plate 
»  Main  Thrust  Ball  Bearing  and  Needle  Bearing 
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Pump  Tests  With  MIL-PRF- 87257 
Candidate  Hydraulic  Fluids 


Test  Stand 

•  All  Stainless  Steel  and  Materials 
Compatible  with  CTFE 

•  Capable  of  8000  psig  and  350°F 

•  Test  Loop  Volume  ~  1  Gallon 

•  Instrumented  to  Operate  Unattended 
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TEST  \7  SAMPLING 

PUMP  X  VALVE 

CYCLE  rn  I 

TIMER  I — I 
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Pump  Tests  With  MIL-PRF-87257 
Candidate  Hydraulic  Fluids 


Test  Parameters 

•  Pump  Outlet  Pressure  3000  psig 

•  Pump  Inlet  Pressure  50-60  psig 

•  Max  Fluid  Temperature  255°F 

•  Main  Flow  Rate: 

Cycle  Between  12  gpm  and 
3  gpm  Every  Minute 

•  Pump  Speed  5000  rpm 
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Pump  Tests  With  MIL-PRF-87257 
Candidate  Hydraulic  Fluids _ 

f 

Silahydrocarbon  Pump  Tests 

•  First  Test  Failed  due  to  a  Piston 
Break 

•  Second  Test  Successfully  Completed 
500  Hours 
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Pump  Tests  With  MIL-PRF-87257 
Candidate  Hydraulic  Fluids 


PAO  Pump  Tests 

•  All  500  Hour  Tests  Successful 

•  Slight  Discoloration  of  Bronze  Parts 
when  Test  Fluid  did  not  Contain 
Benzotriazole  (Metal  Deactivator) 

•  More  Wear  Observed  on  Piston 
Shoes  in  Pump  Test  with  VI 
Improved  Fluid 
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00' 


VISCOSITY  AT  40C  (CS) 


o 

X 

+ 

> 

0 

3 

o 

2 

2 

2 

»— 1 

m 

r- 

•—4 

r- 

o 

o 

1“ 

O 

1 

m 

I 

a: 

zz 

00 

ZL 

00 

I 

m 

C/1 

] 

cn 

cn 

1 

cn 

i 

cn 

a 

fNJ 

cn 

04 

o 

cn 

o 

O 

cn 

2 

cn 

cn 

cn 

m 


CD  ZD 
>-  1 
cn  D 
m  > 
o 

CO 

o 

61  o 

PC 


TEST 


Pump  Tests  With  MIL-PRF-87257 
Candidate  Hydraulic  Fluids 


Summary 

•  All  Candidate  Fluids  Successfully 
Completed  500  Hour  Pump  Tests 

•  Metal  Deactivator  Eliminated 
Discoloration  of  Bronze  Parts 

•  Viscosity  of  Fluid  with  VI  Improver 
Decreased  During  Pump  Test 

•  More  Wear  Observed  on  Piston 
Shoes  in  Pump  Test  with  VI 
Improved  Fluid 

•  PAO  Dimer  +  Trimer  +  Metal 
Deactivator  Fluid  Most  Desirable 
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Oklahoma  City  ALC  Conversion 
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MIL-H-87257  (con’t) 
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■  Fluid  accepted  for  B-1  flight  test 


MIL-H-87257  (con’t) 
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»  No  problems  with  MIL-H-87257 
»  Maintenance  crews  very  happy  with  MIL-H-87257 


MIL-H-87257  (con’ 
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found  to  be  better  than  before  the  test  began 
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MIL-H-87257  (con’t) 
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hardware  modifications 
-  Cold  hanger  tests  - 
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temperature  and  start  temperatures  were  lower  than 
with  MIL-H-83282.  (AFFTC-TR-93-22) 


TABLE  1, 

PHYSIO-CHEMICAL  REQUIREMENTS  OF  AVIATION  FLUIDS  H-515,  H-537  AND  H-538 


CO 

< 

LU 

I 

i 

! 

1 

j 

1 

i 

Clear,  homogeneous. 

free  from  visible  impurities 

The  colour  of  the  material 

may  also  be  defined  by 
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automatic  particle 

counter  calibrated  with 

latex  spheres. 

j 

H-515:  6  hours®  71  C  | 

H-537:  6.5  hours  @  205  C  | 

H-538:  6.5  hours®  I35U 

TEST  METHOD 

(a) 

Visual 

Examination 

IP.17-Meth 

A  - 1"  Cell 

ASTM  D  4898 

or  MIL-H-5606G 

paragraph  4.5.6 
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(a)  The  test  methods  given  in  the  column  ore  put  as  a  reference  (ASTM,  FTM,  etc.);  each  national  equivalent  can  be  used 


(b)  See  Remarks  column. 
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item  1  PROPERTY  I  UNIT  LIMITS,  H-51 5  I  LIMITS,  H-537  LIMITS.  H-538  TEST  METHOD _ REMARKS 

MIN  MAX  MIN  1  MAX  MIN  I  MAX  (a) 
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COMPONENTS  TESTED  -  (  s  ‘ 
SCAS  ACTUATOR 

HORIZONTAL  STABILIZER  ACTUATOR 
SMCS  ACTUATOR 

FLIGHT  CONTROL  SIMULATOR  (IRON  BIRD) 

TWO  WAY  FLOW  RESTRICTOR 

MAIN  HYDRAULIC  PUMP 

WING  SWEEP  MOTOR 

BRAKE  METERING  VALVE 

NOSE  WHEEL  STEERING 

ROTARY  LAUNCHER  DRIVE 

HYDRAULIC  QUANTITY  GAUGING  SYSTEM 
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NA-93-1255B 


HYDRAULIC  PUMP  TESTING  STATEMENT  OF  WORK 

1.  Vickers,  Inc.  to  obtain  four  hydraulic  pumps  (P/N  )  form  Air  Force  inventory. 

2.  Record  serial  numbers  of  all  four  pumps. 

3.  Perform  abbreviated  acceptance  test  per  acceptance  test  procedure  TP  7337  using 
MIL-H-5606  or  MiL-H-6083  as  the  test  fluid.  Only  the  following  tests  will  be  performed. 

3.5.1. 1  Record  zero  flow  pressure. 

3.5.1. 3  Record  case  drain  flow. 

3.5.1. 4  Record  flow  rate  at  full  flow. 

3.5.2  Record  x-y  plot. 

4.  Disassemble  all  four  pumps.  Visually  inspect  for  service  suitability  and  repair  as 

necessary.  ^  pi^EWSlaMf  MP 

5.  Inspect  rotating  groufj.with  special  piston/bore  chart  noting  pistory>^bor^learance5 

6.  Visually  examine  all  parts  and  record  condition  and  photograph  as  necessary. 

Rockwell  Engineering  to  participate. 

7.  Assemble  all  four  pumps. 

8.  Acceptance  test  all  four  pumps  per  acceptance  test  procedure  ATP  7334. 

9.  Deliver  all  four  pumps  per  Rockwell  Instructions. 

10.  Air  Force  to  return  all  four  pumps  for  revaluation  after  concluding  flight  testing. 

11.  Repeat  abbreviated  acceptance  test  per  acceptance  test  procedure  TP  7337  using 
MIL-H-5606  or  MIL-H-6083  as  the  test  fluid.  Only  the  following  tests  will  be  performed. 

3.5.1 .1  Record  zero  flow  pressure. 

3.5.1 .3  Record  case  drain  flow. 

3.5.1 .4  Record  flow  rate  at  full  flow. 

3.5.2  Record  x-y  plot. 

12.  Disassemble  all  four  pumps  and  compare  components  with  photographs 
previously  taken. 

13.  Relnspect  rotating  group  with  special  piston/bore  chart  noting  piston^  bore  ^ 

clearance  and  compare  with  pervious  inspection.  ' 
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A  g;pP/l/AL  PISTOH/BORE  i  CHART  U  tJ  ^ 

DATA  SHUT  HO.  SERLAl  HO.  M  Q__  MODEL  HO.  P_^ 
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PISTON  AND  SHOE  ASSEMBLY 


(lb  anbEHisnyE 


PISTON  AND  SHOE  ASSEMBLY 
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VICKERSt  INCORPORATED  TEST  DATA 
TEST  STAND  NO:  11 

MODEL!  _ _ _ PV3-300-7B 

SERIAL  NO!  _ _HX441537B 


/ 

TEST  PROCEDURE  NUMBER!  - - 

PARAGRAPH  NUMBER:  -  3  •  5  '  /<-/•  ^  3 

TEST  OPERATOR!  3273 
DATE!  05-09-96  TIME:  1C 


S  '  ^ 


RPM . 

INLET  PRESS 
INLET  TEMP  . 
CASE  PRESS  . 
CASE  FLOW  . . 
CASE  TEMP  .. 
OUTLET, PRESS 
OUTLET  F- LOW 

outCet  temp 

EDV  VOLTS  .. 
EDV  AMPS  ... 
TORQUE  . 


. .  5283 
. .  98.7 

..  193 
..  141.2 
. .  ^3^88 
. .  237 
. .  4117 
65V 1 
: 220 
. .  183.3 
..  0.00 
. .  2000  « 
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EDV  SOLENOID  .  D 


U  \ 

No]/ 

1 

j 

f 

4^5^  '  ■' 

J- 

1 

i 

i 

1 

1 

1 

1 

_j8fo  i 

11 /‘T 

i 

r 

92 


CKERS,-  INCORPORATED  TEST  DATA 


;ST  STAND  NO:  11 
iDEL!  - 

•:rial  NO!  — - - 

£ST  procedure  NUMBER 
:^RAGRAPH  NUMBER: - 


,PV3-300-7B 
S^4§37B  ;  ; 


3  rS  '  *5' 


£ST  operator:  3273 


:^TE!  05-09-96  TIME- 


PM . 

NLET  PRESS  . . - 
NLET  TEMP  - 

ase  press  .... 

;ASE  FLOW . 

:.ASE  TEMP  ..... 
lUTLET  _PRESS.  - 
JUTLET  FLOW  .V  .' 
OUTLET  TEMP  .  •  - 
£DV  VOLTS  ..... 
£DV  AMPS  . 

torque  . 


5226 
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244  ' 
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0.00._ 
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'  ^  «  A  A 


FLUIDS:  1.  MlL-H-5606  BASE  LINE 


2.  MIL-H-87257  (ROYCO  777) 

3 

w*  K  ■ 

DURATION: 

STAGE  I:  30  HRS  AT  180F  INLET 
STAGE  II:  30  HRS  AT  21  OF  INLET 
STAGE  III:  30  HRS  AT  250F  INLET 

INSPECTIONS: 

PRETEST  AND  AFTER  EACH  STAGE 
FLUID  SAMPLES: 

AT  0,  6, 15  AND  30  HRS  OF  EACH  STAGE 
PATCH  FILTER:  AFTER  EACH  STAGE 
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.  BOTH  TESTS  SUCCESSFUL 


.  STABLE  OPERATION 

-  NO  CHANGE  IN  OUTLET  PRESSURE 

-  CASE  DRAIN  FLOW  INCREASED  FOR 

MIL-H-5606 

.  BOTH  PUMPS  LOOKED  LIKE  NEW  AFTER 
THE  TESTS 


-  NO  SIGN  OF  CAVITATION  OR  WEAR 


•  MIL-H-87257  PERFORMED  AS  GOOD  AS 
OR  BETTER  THAN  MIL-H-5606 
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•  MIL-H-5606  AND  I\/llL-H-87257  TESTED  IN 
B-1  HYDRAULIC  PUMPS  UNDER 
IDENTICAL  CONDITIONS 


.  NO  CAVITATION  OR  WEAR  OBSERVED 
ON  EITHER  PUMP 


.  BOTH  FLUIDS  PERFORMED  EQUALLY 
WELL  EXCEPT 

VISCOSITY  OF  MIL-H-5606  REDUCED 
BY  50%  DURING  THE  FIRST 30 
HOURS 


•  MIL-H-87257  HAS  BETTER  LUBRICITY 
THAN  MIL-H-5606 


.  MIL-H-87257  IS  READY  TO  FLY!!!!! 
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.  CONCLUSIONS  AND  RECOMMENDATIONS 
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MIL-H-5606. 


B-IB  Hydraulic  Pump  Tests 
with  MIL-PRF-87257 


Shashi  Shanna 


Materials  and  Manufacturing  Directorate 
Air  Force  Research  Laboratory,  WPAFB 
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Bl-B  Hydraulic  Pump  Tests 
with  MIL-PRF-87257 

•  Testing  Under  PRAM  Project 

•  Pump  Tests  at  WPAFB 
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Bl-B  Hydraulic  Pump  Tests 
_ with  MIL-PRF-87257 

PRAM  Project  for  MIL-PRF-87257 
Evaluation 

1.  Rockwell  Testing 

•  Hydraulic  Lab  Component  Tests 

•  Flight  Control  Simulator 

2.  Subcontractor  Testing 

•  Sterer:  Nose  Wheel  Steering 

•  Gull:  Fluid  Quantity  Gaging 
System 

•  Speco:  Rotary  Launcher  Drive 

•  Vickers  :  Hydraulic  Pumps  -  Key 
to  Transition 
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Bl-B  Hydraulic  Pump  Tests 
with  MIL-PRF-87257 

B-IB  Pump  Tests  at  Vickers 

Fluid:  MIL-PRF-87257  (Fire-Resistant) 

Test  1  Test  2 
Inlet  Temp  (°F)  275  210 

Main  Flow  (Gpm)  64,5  64.5 

Duration  (Hr)  7.5  37.5 

Test  1:  Catastrophic  Failure  of  Piston  Shoes 
Test  2:  Metal  Particles  Seen  in  Patch  Test, 
Erosion  on  Piston  Shoe  Faces. 

Test  Discontinued 

Note:  Base  Line  Tests  With  Mil-H-5606 
were  not  Performed 
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Inlet  ioo  Ipsi^ 

OUTLET  -4-150 


CYLINDER 

BLOCK 


PISTON 


150- 200 


B 1  -B  Hydraulic  Pump  Tests 
with  MIL-PRF-87257 


Summary  of  PRAM  Project 

•  MIL-PRF-87257  Fully  Successful 
Except  Pump  Tests 

Only  Question:  Poor  Pump 
Performance  at  Vickers 

•  Without  Successful  Pump  Testing 
MIL-PRF-87257  Could  Not  Be 
Transitioned 

•  No  PRAM  Funds  to  Continue  Pump 
Testing 

•  AFRL/MLBT  Took  Initiative  to 
Conduct  Necessary  Pump  Tests 
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Bl-B  Hydraulic  Pump  Tests 
with  MIL-PRF-87257 


Pump  Tests  at  WPAFB 

•  Realistic  Test  Conditions 

•  Base  Line  Test  With  Mil-H-5606 

•  Parallel  Fluid  Analyses 

•  Concurrence  of  All  Stakeholders 
(ACC,  Oklahoma  ALC,  PRAM,  EN, 
Rockwell,  Vickers) 
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FLOW  RATE  (gpm) 


PUMP  TESTS  FLOW  RATES 
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Bl-B  Hydraulic  Pump  Tests 
with  MIL-PRF-87257 


Pump  Tests  at  WPAFB 

Fluids:  1.  MIL-H-5606  Base  Line 

2.  MIL-PRF-87257 

Duration:  Stage  I:  30  Hrs  at  180®F  Inlet 

Stage  H:  30  Hrs  at  21 0°F  Inlet 

Stage  ni:  30  Hrs  at  250°F  Inlet 

Inspections:  Pretest  and  After  Each  Stage 

Fluid  Samples:  At  0,  6,  15  and  30  Hrs  of 

Each  Stage 

Patch  Filter:  After  Each  Stage 
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FLOW  PRESSURE  HP  kBTU/Hr  VELOCITY 
(gpm)  X100{psig)  (t^s) 


Figure  1 .  Hydraulic  pump  test  stand  configurations 


I8 
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FI  FPTRIf'AI  TEST  PUMP 

DEPRESSURIZATION  SWITCH 


Bl-B  Hydraulic  Pump  Tests 
with  MBL-PRF-87257 

Test  Parameters 

•  Pump:  Vickers  PV3-300-7B 

•  Pump  Outlet  Pressure  4150  psig 

•  Pump  Inlet  Pressure  95-100  psig 

•  Main  Flow  Rate:  50  gpm 

•  Pump  Speed  5250  rpm 

•  Duration: 

Stage  I:  30  Hrs  at  180°F  Inlet 
Stage  II:  30  Hrs  at  21 0°F  Inlet 
Stage  ni:  30  Hrs  at  250°F  Inlet 


no 


Partial  Assembly  of  Test  Pump  after  Stage  II 
Pump  Test  33  with  lvaL-H-5606F 


Partial  Assembly  of  Test  Pump  at  Pretest 
Pump  Test  34  with  MIL-H-87257 
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Stage  in 


Piston  I  Shoe  Face  After  Stages  I,  H,  and  HI 
Pump  Test  33  wth  MIL-H-5606F 


Pretest  Stage  I 


Stage  n 


Stage  in 


Piston  1  Shoe  Face  at  Pretest  and  After  Stages  I,  IL  and  HI 
Pump  Test  34  with  MIL-H-87257 


i  14 


Stase  I 


Stage  n 


,  ^  0  .  •  < 
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■  : 

Stage  IE 

Cylinder  Block  Face  after  Stage  I,  II  and  IE 
Pump  Test  33  wth  MIL'H--5606F 


Stace  n 


Stage  III 


Cylinder  Block  Face  at  Pretest  and  after  Stage  I,  H,  and  HI 
Pump  Test  34  with  N'tIL-H-87257 


B 1  -B  Hydraulic  Pump  Tests 
_ with  MIL-PRF-87257 

Pump  Test  Results 

•  MIL-PRF-87257  and 
MIL-H-5606  Tests  Successful 

•  Stable  Operation 

-  No  Change  in  Outlet  Pressure 

-  Case  Drain  Flow  Increased  for  MIL- 

H-5606 

•  Both  Pumps  Looked  Like  New  After  the 
Tests 

-  No  Sign  of  Cavitation  or  Wear 
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Bl-B  Hydraulic  Pump  Tests 
with  MIL-PRF-87257 

Analyses  of  Fluid  Samples 

f 

Samples  at:  0,  6,  15  and  30  Hrs  of 
Each  Stage  for  Both  Fluids 

•  Viscosity  at  40°C  and  100°C 

•  Water  Content 

•  Acid  Number 

•  Lubricity  by  4-Ball  Wear  Test 

•  Wear  Metal  Analysis  (19  Metals) 
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VISCOSITY  (cSt) 


Figure  4.  Viscosity  change  in  B-1  pump  tests 
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TEST  HOURS 


Figure  3.  Case  drain  flow  in  B-1  pump  tests 


4-BALL  WEAR  SCAR  (mm) 


^  MIL-H-5606 
□  MIL-H-87257 


ASTM  D4172;  0.5  in.  52100 
1200  rpm,  40  Kg,  167°F 


FRESH  OIL  STAGE  I  STAGE  n  STAGE  HI 


Figures.  Four-Ball  Wear  Scar  with  B-1 
Pump  Test  Fluid  Samples 
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B 1  -B  Hydraulic  Pump  Tests 
with  MIL-PRF-87257 


Summary 

•  MIL-PRF-87257  and  MIL-H-5606 
Tested  in  B-1  Hydraulic  Pumps  under 
Identical  Conditions 

•  No  Sign  of  Cavitation  or  Wear  in  Either 
Pump 

•  Both  Fluids  Performed  Equally  well 
except 

-  Viscosity  of  MIL-H-5606  Reduced 
by  50%  During  the  First  30  Hours 

•  MIL-PRF-87257  Has  Better  Lubricity 
than  MIL-H-5606 

•  MIL-PRF-87257  Performed  as  Well  as 
or  Better  than  MIL-H-5606  and 

Ready  to  Fly!!!!! 
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Bl-B  Hydraulic  Pump  Tests 
with  MIL-PRF-87257 


•  Test  Results  Presented  at  Tinker 
AFB,  OK-City  in  May- 1993  in 
Presence  of: 

ACC,  AMC,  OK-City  ALC, 
Rockwell,  Vickers 


•  Consensus  Reached  to  Flight  Test 
KC-135  and  B-1  Aircraft  With  MIL- 
PRF-87257 
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Boeing  North  American  Inc 
Seal  Beach,  CA 

David  E.  Blanding 
March  10, 1997 


Boeing  Electric  Actuation 
Development  Plan 
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BOEING  NORTH  AMERICAN  PROPRIETARY  DATA 


Boeing  North  American  Electric  Actuation 
Implementation  Roadmap  _ 

Develop  and  package  a  flight  worthy,  large  flight  critical  surface  electric  actuator 
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Technology  Reinvestment  Program 
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Commercial  EHA  CATIA  Model 
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We  are  Evaluating  Major  Cost  Drivers  for  EHA’s 
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Use,  Duplication  or  Disclosure  is  Subject  to  the  Restrictions  as  Staled  in  Agreement  MDA972-94-3  0015  Between  the  Advanced  Research  Project  Agency  and 
the  Boeing  North  American  Consortium  Team  Leader  arnl  the  Boeing  North  American  Consortium  Team  Members. 


Electric  Actuation  Systems  Have  Greater  Commonality 
With  Developing  Commercial  Technologies 
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Electrically  Powered  Hydraulic  System  (EPHS) 


135 


ileetrically  Powered 
Hydraulic  System 
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Electrically  Powered  Hydraulic  System  Program 
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BOEING  PROPRIETARY  DATA 


Electric  Actuation  Technology  is  Available 
Support  Most  Aircraft  Requirements 
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ppc_97_oo26-o45  (AERO  Hofsepower) 

BOEING  PROPRIETARY  DATA 


Possible  Impact  Of  Electric  Actuation  On 
_ Fighter  /  Attack  Aircraft 
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Hydraulic  Fluids  and  Seals  Workshop 
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High  Pressure  Technology 
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Improved  Surface  Finishes  and  Processes 
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Fluid  appeared  acceptable  for  C-135  use 


C-135  Service  Test 
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Gradual  intro  of  fluid  preferable 


C-135  Conversion 
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base  supply  of  -5606  and  initial 
unavailability  &  high  cost  of  -87257 


C-135  Conversion  Summary 
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PHYSICAL  PROPERTIES 
STATIC  SEALS 
DYNAMIC  SEALS 
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HARDNESS 


SEAL  TESTING 
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SLIDE  8 


SEAL  TESTING 
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SEAL  TESTING 
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SEAL  TESTING 
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MILITARY  SEAL  SPECIFICATION 


SEAL  TESTING 
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MILITARY  SEAL  SPECIFICATION 
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MILITARY  SEAL  SPECIFICATION 
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WITH  BACKUP  RINGS 


SEAL  TESTING 
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COMPOUND 
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SEAL  TESTING 
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WITH  BACKUP  RINGS 


SEAL  TESTING 
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SEAL  COiyPOUNDS 
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SEAL  TESTING 
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WITHOUT  BACKUP  RINGS 


SEAL  TESTING 
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PEO(T),  F/A-18 IPT 


(D 

N 


CO 

O 

o 

o 

CO 

(D 


lO 

1^ 

CM 


O 

fS 

'ZS 

< 


ZD 

CO  O. 
CO  p 

CL  h- 


O  i= 

O 
O 


m 

CO 

I 


LU 

I— 

TD 

CO 

£ 

CD 

"O 

c 

lo 

CO 

CO 

s 


v2 

■O 


o 

i 

CD 

CO 


E 

"cO 

W  (O  :i 

£=  —  CO 

^  §  CO 

Q  3 


(D 

TD 

TD 

ir 

■o 

CO 

c 

2 

CD 


2 

CD 

TD 


O 

o 

CD 

CO 


^  2 

"co 

CO  ^ 
CD  ^ 

o>  JS 

cl  §, 


1 1 1  412 


♦2 

i 


CD 

> 


CO  CO 
CO  CD 

2  ^ 

Q.  g* 

jC  CO 
"c^ 

-O  Q_ 

CM  2 

TD  "O 
CD 
,N 

3  Jo 

CO  CO 
CO  CD 

a>  CO 

Q.  o 
i  E 

b=  w  CO 

7=5  ^ 

E"  ? 

TO  o 

0?  ^  -Q 

CO  ..  E 
05  ';;r  ^ 

_ I  55  o 

E  o 

CD  ^  ^ 

C  CD  ^ 
:□  CO 

r-  <C  ro 
jco  CO 

U-  s  s 

OO  CO  = 

.E  s 

B  '§ 

CO  X 


CD 

05 


<: 


CD 

E 


d 


189 


O 

z 


a< 

lid 


z 

H 


cn 

b 

00 


(ifa 


TEF  Servocylinder  Dynamic  Seals:  1  drop  per  25  cycles 

Aileron  and  Rudder  Dynamic  Seals:  1  drop  per  10  cycles 

LEF  HDU  Hyd  Motor  Shaft  Seals:  100  drops/hr  during  motor  normal  ops 


F/A-1 8  Flight  Control  Servo  Leakage 
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Piston  Rod/Piston/Cylinder  ID  Dynamic  Seal  Wear 

■  TEF  Servocylinder  Piston  Seals 

■  Horizontal  Stabilator  Piston  Rod  Seals  (Center  Dam) 


PEO(T),  F/A-18 IPT  Effect  of  Hot  Hydraulic  System  on  Leakage 
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System  will  function  at  elevated  temps  however,  nitnie  seal  life 
decreases  exponentially  with  increasing  temp 


PECKD,  F/A-18 IFT  MIL-P-25732  Seal  Life  vs  Temp 
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EXPOSURE  TIME  (HRS) 
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I?/ A. IS  FST  NAOEP  NORTH  ISLAND 
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■  114  Leakage  (44%) 
Horizontal  Stab  Servocylinder 

■  11 28  Total  Removals 

■  528  Leakage  (47%) 
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-5  to  -6  upgrade 

Maintenance  data  examined  to  determine  if  new  dynamic  seals  effected 
improvement  to  leakage  removal  rates 
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PEO(D,  F/A-18  IPX  Horizontal  Stabilator  Servocylinder 
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Alternate  seal  material  for  static  applications  needed  to  substantially 
improve  servocylinder  reliability 

New  dynamic  seal  designs  needed  for  further  reliability  improvement 
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cold  weather  leakage  performance 

■  -40Fto300F 

■  More  extreme  than  normal  fleet  ops  (paint  discoloration) 
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F/A-18  FST  NADEP  NORTH  ISLAND 


F/A-18  Hydraulic  Seal  Improvement  Plan 
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static  leaks  occurred  at  -40,  but  disappeared  after  warming  to  -20  F 
Dynamic  leaks  on  TEF  and  Stab  piston  rods  were  typical 
Evidence  of  dynamic  seal  tearing  discovered  on  TEF 
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Background 
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European  Community  Leading  the  Development  of 
New  Biodegradable  Fluids  Including  Replacement 
for  MIL-H-5606  (Considering  Outlawing  All 
Mineral  Oil  Based  Systems) 


Objectives 
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determine  their  performance  according  to  military  specifications 

•  if  results  indicate  meeting  specs:  recommendations  for  further 
qualification  will  be  provided 

•  if  specs  not  met:  suppliers  queried  for  further  development 


METSS  Phase  I  Actions 
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Use  the  testing  information  to  assist  suppliers  in  optimizing  hydraulic 
fluids  with  respect  to  various  parameters 

Provide  guidance  to  the  AF  in  selecting  the  “best”  fluids  from  the 
multitude  of  available  hydraulic  fluids  for  Phase  II  certification 


413 

o 

a 

o 

u 

Oh 

CU 

O 

• 

o 

(D 

H 


(D 

* 

> 

D 


CZ5 

cd 

a 

fS 

"Si 

c/5 

<D 

+-> 

C^ 

T3 

a 

c3 

a 

o 


a 

o 


cd 

O 


c^ 

^  ,  , 

>  4h 

5S  ;=3 

cd 

a  S’ 

c/5 

Q 

o  *G 

a  s 

"o  S 
o  S 

(D  ;h 

Vh  o 

^  73 

a  U 

cd  O 
C/^  'O 


o 

c/5 

V-l 

(U 

•fH 

'E. 

g’ 

c/5 

C^ 


D 


V-i 

O 

(D 

(U 

S  . 

^  o 

c/5  .^H 
^  '1;^ 
=s  ^ 

c/5  ^ 

a  a 

c/5  ^ 

H<d 

;-H 


c/5 

c3 

<D 

•  f-H 

4h 

•  vH 
4-^ 

a 

(i> 

t:5 

•1-H 

(D 

Vh 


c/5 

-4— > 

C3 

<D 


a 

•tH 

Jiis 

cr 

(D 

Vh 

(D 


207 


-40C  to  135C  operating  temperature  range 
compatibility  with  existing  system  components 
low  and  high  temperature  stability 


Program  Kickoff  Meeting 
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of  the  Program 

Solicit  Industry  Participation  in  Program 


Initial  Screening 
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•  6  samples  with  high  viscosity  at  -40F  (reformulated  samples  provided) 

•  12  samples  froze  (eliminated  from  program) 

Suppliers  were  able  to  re-formulate  products  that  failed  initial 
screening  tests  or  submit  new  products 


Further  Testing 
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•  Six  most  promising  candidates  selected  for 
additional  testing 


Environmental  Aspects  of  Fluids 


controlling  toxicity.  ^ 

All  these  factors  are  inter-related  and  mus 
be  considered  simultaneously! 


Biodegradation 
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compounds  (mineralization) 


Test  Method  Coordinating  European 
Council  (CEC)  L-33-T-82 


u 

C3 


ss 

•tm 

o 

U 

CQ 

o 

pfi 

4-» 

s 

O 

u 

o 

2 

5? 

© 

H 

Cm 

O 


© 

n© 

© 

u 

© 

o 

•pa< 

PQ 


M 

<2 

n© 

D 

© 


C/) 

4-J 

§ 


cd 

> 

(D 

i 


cd 

M 

<t) 

a 

D 

bO 

§ 

c/5  ; 

4->  ;: 

§ 

o 

X) 

p3  ' 

>> 

Xi 

|S 

cd 

O  'X 
X  cd 
O  M 
,cd  bX) 

D  T3 
'rt  G 

•  pH 

Cd  X 


CA 


>> 

pD 

G 

N 


a 

I 

s 

s 

•t-H 

> 

a 


TTh 
O  -P 

t  ? 

•S  o 


c 

o 


cd 

TS 

td  cd 
P  M 
bX) 

O  ^ 
cu  ^ 

Oh 
P 

B  S  ^ 

G  g 

Tt  CIh  cd 

^  C^-I  D 

o  o  cr 


CN 

oo 

ON 


T? 

G 

P 

C/5 

C/J 


p  "O 
3  S 
P  >% 

G  Cm 

P  ’P 
^  P 
P  P 

P^  CT* 

§2 


O 

5 

P 
G 
G 

G 

pO  • 

P 

o 

•  wH 

’S 

CD 

fa  ^ 

g  g 

O  g 

•fa  2 

P  ‘c^ 

C«  S 

P  Oh 
O  ^ 

M  3 

CO  Q 

0)  ^ 
>  P 
P  C3 
P  P 

'M 
H-H  CO 

P  G 

p 

S  w 

P  u 

3  ^ 

.'P 


CO 


CO 

G 

•  pH  1— ( 

P  P 
3  c« 
P  (D 

CO  M 


p 

CO 

» 

'p 

cz) 


o 

(Ti 

'T© 

P 
P 

o 
o 

M 

G 
'G 
P 

bX) 
G 
'T© 
O 

•  rH 

pO 

p^' 

"p 

P  >.  o 

G  CO 

CN  3  S 

00  cd  -£ 

<N  T3  O 

CO  p  cd 

^  W)  J 

P  7©  O 


T3 

O 

-S 

G 


CZ5 

B 

CO 


bX) 

P 

*co 

O  cd 
rO  Pp 
G  Oh 

P  P 
P  .P 


P  O 
NO  3 

^  in 

M  .3 

I  S 

>-1 

I— I  ^ 


C/i 

•  1-H 

o 

e 

p 

pM 

"o 

•fa 

<D 

Oh 


213 


Gorrelation  of  CEC  with  Ultimate 
Biodegradability  Test 
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Classes  of  Hydraulic  Fluid 
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Conversion  with  no  problems 
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Corrosion-Oxidation  Stability 
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*  Reformulated  would  probably  pass 


Hydrolytic  Stability  Test  Data 
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Results  &  Conclusions 
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existing  materials  and  technology 

Several  materials  qualified  in  this  initial  screening 

These  fluids  provide  the  possibility  of  developing  completely  new 
environmentally  compliant  materials 


Phase  I  Recommendations 


Further  Evaluation  of  Five  New  Industry 
Formulations 

Further  Evaluation  of  METSS  New  Formulation 
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Three  Year  Program 
Additional  Validation  at  WL/MLBT 
•  Hydraulic  Pump  Testing  and  Dynamic  Seal  Testing 


ASTM  Standard  D  5864-95 
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are  not  inhibitory  at  test  concentration  to  the  organisms  present  in  the 
inoculum 


Steps  for  the  Phase  II  Program 
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Dioaegradability 

Toxicological  Screening 

New  Hydraulic  Fluid  Development 


Phase  II  Direction 
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This  route  may  ensures  a  higher  probability  of  program  success 


Biodegradability:  AF  Definition 
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which  will  provide  the  Air  Force  with  an  option  to  specify  a  flame 
resistant  biodegradable  hydraulic  fluid. 


Phase  II:  Anticipated  Benefits 
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(614)  842-6600 


METSS  Corporation 
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products  and  processes  through  applied 
technology. 


Current  Proiects 
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Hydraulic  Fluids  -  Problems 
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NOT  biodegradable. 

Goal  -  develop/integrate  technologies  to  create 
100%  green  hydraulic  fluids/lubricants 


Challenge 
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O  We  would  like  our  materials  to  meet  existing 
military  or  industry  specifications 


Solution 
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avoid  petroleum/mineral  based  fluids 
controlled  biodegradation  into  H2O,  COj,  energy. 


How  do  we  do  this? 
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o  conduct  iterative  formulation,  testing,  and 
optimization  program 


Typical  Program  Results 
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Ba-Free  Program  -  Background 


a 

b  cd 

1-3  > 

"O  o 


(D 

c/3 

o 

Lh 

CJ 

Cl. 

o 

•  1-H 

<D 

o 

4— > 

CO 

O 

cd 

CO 

b 

c/3 

o 

•  ^ 

o 

•  fH 
4-^ 

o 

X 

Cd 

v-i 

c 

o 

(D 

CLi 

,Vh 

4h 

o 

CO 

4-H 

cd 

(D 

b 

W) 

cd 

(U 

;-i 

r\ 

X 

O 

4-* 

w 

Qh 

(D 

4-» 

CO 

"53 

a 

o 

X 

o 

b 

o 

X 

c 

cd 

a 

o 

C-) 

•  yH 

3 

V 

1 

4-J 

cd 

;-H 

CO 

dS 

•  ^ 
Cd 
rx 

o 

W) 

c  ^ 

’Si)  ?? 
SP  ^ 

^  3 
X)  o 
b 

<D  cd 

X  0^ 
*j3  o 

^  ci3 
2  s 

s  s 


c 

cd 

o 

o 
>  ^ 

O 

b 

o 


W) 

a 
•  ^ 

>% 

o 

c/3 

r  ^  ^ 

U  Td 


(U 

;-H 

cd 

&  s? 

s  f 

X 

bJO 

D 

J3  5h 


X  o 
X  D. 

s 

o  U 

fi  O 
o  ■“ 

73  ’73 

=«  -2 
73  ^ 

•1-H  OJ 

<D 

qU  S3 

<o  X 
S  ed 

u  ^ 


240 


■  Fluids  must  be  drained  from  parts  and  replaced 
with  non-inhibited  fluids  prior  to  aircraft 
installation 


Ba-Free  Program  -  Problem 
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costs  are  significant  (hydraulic  fluids  are 
second  largest  AF  waste  stream) 


Ba-Free  Program  -  Objective 
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-  meet  existing  military  specifications 

-  pass  mission  critical  tests  (e.g.,  pump  tests) 
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Candidate  Materials 
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■  Formulations  developed  from  materials 
synthesized  by  METSS 


Formulation  Development 
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■  simple  screening  tests  to  eliminate  poor  performers 

■  more  advanced  tests  to  optimize  formulations 

■  final  qualification  tests  to  select  best  performers 


Performance  Criteria 
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CREP  Test 
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-  rating:  CREP  rating  (1-10),  weight  change, 
barium  control 


Physical  Properties 
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Acid  or  base  number,  mg.  KOH/gm  (max)  0.2 

Auto-ignition  temperature,  °C  (min)  343 

Bulk  modulus  (isothermal  secant,  0  to  6.8  x  1 0"^  kPa)  1 .379x1 0® 

(0  to  10,000  psi)  at  40°C,  kPa  (psi),  (min)  200,000 

Water  sensitivity,  %  transmittance  (min)  90% 


OC  Testing 
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Other  Testing 


250 


Air  Force  Testing 

-  valve  sticking  test 

-  elastomer  dynamic  pump  test 

-  pump  test 


Phase  I  Program 


1 

bX) 

1 

• 

4-> 

bX) 

C/5 

1  D 

H 

c/5 

CLh 

D 

H 

i  § 

U 

1  u 

0 

■ 

■ 

<D 

§ 

u 


c/5 

o 

O 

c/5 

•  ^ 

> 

T3 

§ 


c/5 

o 

o 

c/5 


bX) 

§ 

4:3 

u 

;-i 

<D 

I 

:z; 


0 

< 

a> 

bX) 

a 

§ 

d 

4b 

U 

<D 

4b 

X) 

bX) 

a 

<D 

'Td 

•  rH 

0 

4-^ 

(D 

>  < 


251 


Copper  Appearance 


Phase  I R 


•  fH 


i 


o 

o 

c/3 


j 

\ 


I 


I 


C/) 


Phase  I  Results  -  OC  Testing 
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Phase  I  Results  -  Other 
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relative  to  the  barium  inhibited  control  (potential 
use  in  aircraft  operation  -  eliminate  change-out, 
decrease  waste) 


Barium-Free  Phase  II  Program 
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determine  and  address  cost  of  ownership  issues 

perform  market  assessment  and  develop  product 
commercialization  plan 


Current  Status  of  Phase  II 
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-  about  to  move  on  to  scale-up  efforts 

-  investigating  commercialization  routes 
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Summary 


MIL-H-53119  Nonflammable  Hydraulic 

Fluid/Seals 
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88-94  MIL-H-83282/5606  ~  IMA^r 
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feasibility  of  developing  nonflammable  hydraulic  fluid 
(without  constraints) 
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-service  coordination 


MIL-H-53119  Nonflammable  Hydraulic 

Fluid/Seals 
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(^)  Arc/Spark  Fluid  May  Ignite,  But  Must  Self  Extinguish 

(B)  Propane  Air  Flame 

(C)  Incendiary  Gunfire 


MANIFOLD  IGNITION  CHARACTERISTICS  OF  HYDRAULIC  FLUIDS 
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MIL-H-53119  Nonflammable  Hydraulic 

Fluid/Seals 
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Silicones  (Nadraul  MS-5  and  MS-6) 
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Fluoroalkylether  (FAE) 


MIL-H-53119  Nonflammable  Hydraulic  Fluid/Seals 

Property  Goal  CTFE  FAE  5606  83282  Phos.  Ester 

Flash  Pt.,  ®F  none  none  none  220  425  360 
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Bulk  Modulus,  psi 

@275”?  >120,000  110,000  75,000  120,000  145,000  180,000 

Lubricity,  mm  Scar  <  1.0  0.87  0.61  0.85  0.48  0.68 

Cost@lMGA'r  $60  $200  $3.60  $8.10  $20.60 
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components  and  systems  for  unique  properties 
nonflammable  hydraulic  fluid 
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-  Lubricity  additive  (3M)  stable  to  400  F 

-  Base  fluid  film  load  carrying  ability  uncertain 
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pumps,  but  not  8000  psi,  40  gpm  pumps. 
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Special  seal  design  is  critical  to  high  pressure 
sealing  and  has  been  validated. 
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MIL-H-53119  Nonflammable  Hydraulic 

Fluid/Seals 
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Bearing  Hardness 
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Nonflammable  Hydraulic  Fluid  Formulation 
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aspects  of  CTFE  hydraulic  system  (SOOOpsi) 
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MIL-H-83282  Freezing  and  Warm-up  Cycle  Test 

10-13  March  1997 


K-F  Determination 
of  water  (ppm) 
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Theoretical 
Water  (ppm) 

222  ppm 

298  ppm 

386  ppm 

586  ppm 

760  ppm 

930  ppm 

1131  ppm 

1271  ppm 

”3! 
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Samples  were  placed  in  a  ultrasonic  bath  for  approximately  1  hour  and  then  hand  shaken  before  placing  them  in  the  cold  bath. 
The  test  samples  appeared  to  have  some  fine  dust  particles  or  air  in  the  samples. 

MLSS  97-17  (MIL-H-83282)  hydraulic  fluid  contained  38  ppm  of  water. 
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a  =  not  recorded  b  =  sample  was  not  prepared  c  =  Sample  not  continued  d  =  sample  not  determined 
3  to  6  =  coating  with  formation  of  ice  on  bottom  AC98094/w6/a- 


MIL-H-83282  Freezing  and  Warm-up  Cycle  Test 

17-20  March  1997 
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adhering  to  the  glass  walls  of  the  test  tubes.  In  the  theoretical  448  ppm  sample  the  water  dots  were  not  visible. 


MIL-H-87257  Freezing  and  Warm-up  Cycle  Test 

26-29  Jan  1998 
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Coulomatic  Karl  Fischer  method  was  used  to  determine  the  water  content  in  the  above  samples  after  testing. 
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MIL-H-5606  Freezing  and  Warm-up  Cycle  Test 

17-20  March  1998 
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Coulomatic  Karl  Fischer  method  was  used  to  determine  the  water  content  in  the  above  samples. 
MLSS  94-7 1  (MIL-H-5606)  hydraulic  fluid  was  used  to  prepare  the  above  samples. 

The  MLSS  94-7 1  had  a  34  ppm  water  content. 
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AC98094/ws/a  -  1  I 


MIL-H-5606  Freezing  and  Warm-up  Cycle  Test 

2-5  March  1998 
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AC98094/w6/a  -  12 


Recommended  Water  Limits 


a 

a 

a 

(U 

u 

CO 

• 

Ph 

Ph 

p 

CO 

(D 

Ph 

Ph 

p 

U 

Ph 

O 

•rH 

O 

O 

o 

O 

O 

O 

H— > 

cs 

CO 

P 

•  rH 

1 

1 

1 

Ph 

o 

Ph 

o 

o 

o 

CO 

bX) 

to 

o 

O 

m 

m 

cd 

•  rH 

N 

(D 

<D 

fN 

oo  m 
fN  (N 
CO 

OO  00 

I  I 

I  I 

wj  h-l 

I— I  hH 


(D 

oS 


(D 

4-> 

(D 

c/5 


<3-) 

H 


C/D 

(U 

o 


CO 

CO 


dJ 

Ph 


AC98094Avs/a  -  13 


Materials  and  Manufacturing  Directorate 
Air  Force  Research  Laboratory,  WPAFB 


Hydraulic  Fluid  Purification 


5 


CO 

w 


297 


Lots  of  Experience 


Hydraulic  Fluid  Purification 
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Should  Purified  Fluid  Be  Considered  a  New  Fluid? 


Hydraulic  Fluid  Purification 


Hydraulic  Fluid  Purification 
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•  The  Hydraulic  Pump  Test  Has  Proven  to  Be  the  Most 
Strenuous,  but  Doable  Component  Test  to  Validate  the 
Performance  of  Hydraulic  Fluids 


Hydraulic  Fluid  Purification 
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•  Extensive  Experience  with  Wide  Variety  of  Hydraulic 
Fluids  and  Several  Pumps 


Hydraulic  Fluid  Purification 
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One  Solution  -  Run  Controlled  Fluid  Purification  and  Fluid 
Quality  Verification  at  ML 


Hydraulic  Fluid  Purification 
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Testing  (or  Other  Component/System  Testing)  is  Required  to 
Assure  Acceptable  Performance  of  a  Fluid  in  a  System 


Pump  Tests  with  Purified  MIL-H-5606 


Pump  Tests  with  Purified  MIL-H-5606 


o  ^ 
&  > 
B  tP 


■a  E 

c3  TD 


^1  I 

p  s  a 
8  S 


a  ^ 


O  W)  « 

•»-H  D 

^  25  ^ 

O  O,  > 

^  CD  ^ 

^  o  PQ 

3  a  o 

o  g  >. 

P  &  U 


C/3  ^ 

s 

c^  S 
00 


305 


-  Same  as  Test  1  Except  Fluid  Purification 

-  Fluid  Purified  using  Pall  Purifier  Every  200  Hours 


Pump  Tests  with  Purified  MIL-H-5606 
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No  (or  rare)  Metal-Metal  Contacts 
Film  Thickness  and  Power  Losses  Affected  By 
»  Viscosity  of  the  Lubricant 
»  Pressure- Viscosity  Effects 


Pump  Tests  with  Purified  MIL-H-5606 
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Cylinder  Block  and  Valve  Plate  Faces 

Piston  Shoe  Faces  and  Piston 

Pistons  and  Cylinder  Bores 

Hold  Down  Plate  and  Bearing  Plate 

Main  Thrust  Ball  Bearing  and  Needle  Bearing 


Pump  Tests  with  Purified  MIL-H-5606 
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FIGURE  1:  HYDRAULIC  PUMP  TEST  CIRCUIT 


Pump  Tests  with  Purified  MIL-H-5606 
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THE  PLM  PORTABLE 
FLUID  PURIHER 


Automatic  Removal  of  Particuiate,  Water, 
Air  and  Chlorinated  Solvent  Contamination 
from  Fluid  Systems  to  Increase  Equipment 
Reliability  and  Performance 

* 

(PAL^ 

Pall  Land  and  Marine  Corporation 
A  Subsidiary  of  Pall  Corporation 
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Pump  Tests  with  Purified  MIL-H-5606 
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Viscosity  of  Fluid  Decreased  With  Time 


Pump  Tests  with  Purified  MIL-H-5606 
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Case  Drain  Flow  Increased  With  Time 
Viscosity  of  Fluid  Decreased  With  Time 


Pump  Shall 


Valve  Plate 

Pump  Shaft  and  Valve  Plate  after  972  Hours 
Pump  Test  35  with  MIL-H-5606 
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Enlargement  of  Piston  Shoe  Faces  6,7,8 


Enlargement  of  Piston  Shoe  Faces  3,4,5 


Piston  Shoe  Faces  after  1500  Hours 
Pump  Test  35  with  MIL-H-5606 


Enlargement  of  Piston  Shoe  Faces  3,4,5 


Enlargement  of  Piston  Shoe  Faces  6,7,8 

Piston  Shoe  Faces  after  972  Hours 
Pump  Test  35  with  MIL-H-5606 
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Cylinder  Block  Face 


Enlargement  of  Cylinder  Block  Face 


Cylinder  Block  Faces  after  972  Hours 
Pump  Test  35  with  MIL-H-5 606 
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Pump  Shaft 


Valve  Plate 


Cylinder  Block  Faces  after  1500  Hours 
Pump  Test  35  with  MIL-H-5606 


Cylinder  Block  Face 


Cylinder  Block  Plate 


Cylinder  Block  Face  and  Plate  after  972  hrs 
Pump  Test  36  with  MIL-H-5606 


Piston  Shoe  Faces  4,5,6 


Piston  Shoe  Faces  7,8,9 


Piston  Shoe  Faces  after  972  hrs. 
Pump  Test  36  with  MIL-H-5606 


mp  Tests  with  Purified  MIL-H-5606 
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Viscosity 
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ase  Drain  Plow  and  viscosity  -  Tes 
with  Purified  Mil-H-5i>06 


Pump  Tests  with  Purified  MIL-H-5606 
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Pump  Tests  with  Purified  MIL-PRF-83282 
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-  Same  as  Test  1  Except  Fluid  Purification 

-  Fluid  Purified  using  Pall  Purifier  Every  300  Hours 


Pump  Tests  with  Purified  MIL-PRF-83282 
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HATCO 

King  George  Post  Road 
Fords  NJ  08863- 


ASC  Engineering  Directorate 
ATTN:  Hydraulics 
2530  Loop  Road 

Wright-PattersonAFBOH  45433-7101 


Aeronautical  Systems  Center 
2130  5th  Street,  Room  104A 
Wright-Patterson  AFB  OH  45433-7003 


Godwin  C.  Abele 
Russell  Associates 
498  Circle  Freeway  Drive 
Cincinnati  OH  45246-1214 


Dr.  Vinod  Agarwala 
NAWC- Aircraft  Division 
48066  Shaw  Road 
Patuxent  River  MD  20670-1908 


Dr.  Ishwar  D.  Aggarwal 
Naval  Research  Laboratory 
4555  Overlook  Avenue 
Washington  DC  20375-5338 


Shlomo  Antika,  Ph.D. 

Exxon  Research  and  Engineering  Company 
1600  E.  Linden  Avenue 
Linden  NJ  07036- 


Allen  Arthur 

OC-ALC/LHRC 

3001  Staff  Drive 

Tinker  AFB  OK  73145-3029 

4057362921  4057363277 


ASC  Air  Combat  Command  Systems  Office 
ASC/ACCSO-A 
1 950  5th  Street,  Room  D-01 0 
Wright-PattersonAFBOH  45433-7251 


ASC  F-117  Develqjent  System  office  ASC/QLAX 
ATTN:  Hydraulics 
2275  D  Street,  Room  142 
Wright-PattersonAFBOH  45433-7222 


ASC  Reconnaissance  SPO  ASC/RA 
ATTN:  Hydraulics 
2640  Loop  Road,  Room  203 
Wright-PattersonAFBOH  45433-7106 
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ASC  Advanced  Cruise  Missile  SPO  ASCA'^C 
ATTN:  Hydraulic 
2082  8th  Street,  Room  8 
Wright-Patterson  AFB  OH  45433-7601 


ASC  Tri-Service  Stand-Off  Attach  Missle  SPO  ASCA^J 
ATTN;  Hydraulics 
2062  8th  Street 

Wright-Patterson  AFB  OH  45433-7634 


ASC  C-17  SPO  ASCA^C 
ATTN:  Hydraulics 
2590  Loop  Road,  Room  210 
Wright-Patterson  AFB  OH  45433-7142 


ASC  B-1  SPO  ASC/YD 
ATTN:  Hydraulics 
2690  Loop  Road 

Wright-Patterson  AFB  OH  43433-7148 


ASC  B-2  SPO  ASCA^S 
ATTN:  Hydraulics 
2690  Loop  road.  Room  103 
Wright-Patterson  AFB  OH  45433-7148 


ASC  B-2  SPO  ASCA'S 
ATTN;  Hydraulics 
2690  Loop  road.  Room  103 
Wright-Patterson  AFB  OH  45433-7148 


Bill  Bailey 

HQ  AFMC/CSO/SCSD 
Wright-Patterson  AFB  OH  45433- 
9372575662 


Jim  Bietsch 
-xkheed  Martin 
.11  Lockheed  Way 
Palmdale  CA  93599-3731 
8055724340 


Gregory  Bochnak 
Boeing 

5000  East  McDowell  Road 
MesaAZ  85215-9797 
6028910213  6028917871 


Leonard  E.  Bensch,  Ph.D. 
Pall  COTporation 
25  Harbor  Park  Drive 
Port  Washington  NY  1 1050- 


Kenneth  E.  Binns 

University  of  Dayton  Research  Institute 
300  College  Park 
Dayton  OH  45469-0151 
9372528878  9372529917 


P.D.  Brooke 
Abex  Corporation 
1220  Dublin  Road 
Columbus  OH  43216- 
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Robert  J.  Bunting  James  E.  Burdette 

F- 1 6  System  Program  office  Ohio  Technology  C enter 

1981  Monahan  Way  4140  Linden  Avenue 

Wright-Patterson  AFB  OH  45433-7205  Dayton  OH  45432- 


Judith  Butler-Kowalik 
Naval  Air  Warfare  Center 
48066  Shaw  Road  Unit  5 
Paxtent  River  MD  20670-1908 
3017572333  3017572327 


MSgt  Richard  Cardin 
General  Mitchell  lAP 
1919  East  Grange  Avenue 
Milwaukee  WI  53207-6139 


Eric  Carmichael 
Exxon  Company  USA 
800  Bell  Street 
Houston  TX  77002- 
7136563085  7136560606 


Chris  Carson 
Vickers,  INC. 

5353  Highland  Drive 
Jackson  MS  39206-3449 


Nhan  K.  Chau 
Caterpillar  INC. 

P.O.  Box  1875 
Peoria  IL  61656-1875 
3095789968  3095782953 


Gerald  W.  Canada 

OC-ALC/LAKRA 

3001  Staff  Drive 

Midwest  City  OK  73145-3022 

4057363588  4057365412 


Henry  Carey 
NAVSEA  Syscom 
11613  Caitury  Ct. 
Fredericksburg  VA  22407- 
7036023401  7036023772 


Dale  D.  Carr 
HATCO 

King  George  Post  Road 
Fords  NJ  08863- 


David  E.  Chasan 
CIBA  Geigy  Corporation 
ArdsleyNY  10502- 


Steven  C.  Cizewshi 
Boeing  Sikorsky 
6900  Main  Street 
Stratford  CT  06497-9129 
2033833528  2033833306 
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Steven  C.  Cizewski 
Sikorsky  Aircraft  Corporation 
6900  N.  Main  Street 
Stratford  CT  06601- 
2033833528  2033833306 


Dave  Clarke 
Royal  Lubricants 
P.O.  578,  Merry  Lane 
East  Hanover  NJ  07936- 
9738877410  9733860009 


SMSgt  Michael  P.  Corrson 
HQ  Air  Mobility  Warfare  Center 
5656  Texas  Avenue 
FortDixNJ  08640-7400 
6095622468  6095623152 


Michael  J.  Cox 
Royal  Lubricants,  INC. 

215  Merry  Lane 

East  Hanover  NJ  07936- 

9738877410  9733860009 


MSgt  Dave  Creech 
ASCA^SAF 
2690  Loop  Road 

Wright-Patterson  AFB  OH  45433-7148 
9376565325  9376564276 


TSgt  Robert  Cronkite 
752  AGS  March  ARB 
175  Airlift  Way 
Riverside  CA  92518-1751 


MSgt  Tony  Daly 
ASCATLD 

Wright-Patterson  AFB  OH  45433- 
9372553117  9376564674 


Charles  W.  Daugheny 
Wright  Technology  Network 
3155  Research  Blvd 
Dayton  OH  45420-4015 


Robert  E.A.  Dear 
Pennzoil  Products  Company 
1520  Lake  Front  Circle 
Woodlands  TX  77387- 


Abbas  Dashti 
PTI  Technologies 
950  Rancho  Conejo  Blvd 
Newbury  Park  C A  91320-1796 
8053752421  8053752342 


David  De  Stena 
Lockheed  Martin 
P.O.  Box  748,  MZ  1710 
Fort  Worth  TX  76101- 
8177632500 


Dennis  G.  Deehan 
Dyneon 

1 23  Indigo  Drive 
Mt  Laurel  NJ  08054- 
6092224686 
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John  J.  Delvin 

PTI  Technologies,  INC. 

950  Rancho  Conejo  Blvd 
Newbury  Park  CA  91320-1796 
8053752261  8053752342 


Kevin  H.  Dramer 
Mobay  Corporation 
Mobay  Road 

Pittsburgh  PA  15205-9741 


Bill  Durtschi 

Sunstrand  Advanced  Technology  Group 
4747  Harrison  Avenue 
Rockford  IL  61125-7002 


Craig  Edwards 
00-ALC/LILE 
6040  Gum  Lane 
Hili  AFB  UT  84056- 
..017777403  8017779764 


Robert  C.  Eisenberg 
United  Technologies/Sikorsky  Aircraft 
6900  Main  Street 
Stratford  CT  06497-9129 


Ronald  Epstein 
HaloCarbon  Product 
887  Kinderkamack  Road 
River  Edge  NJ  07661- 
2012628899  2012620019 


Pat  Donahay 

OC-ALC/LCRA 

Tinker  AFB  OK  73145-3019 


Peter  Dreher 

The  Ohio  Advanced  Technology  Center 
3155  Research  Blvd 
Dayton  OH  45420-7248 


Edward  H.  Edelson 
Royal  Lubricants  Company 
P.O.  Box  518 
East  Hanover  NJ  07936- 


Michael  J.  Effting 

913  MS  Willow  Grave  Air  Reserve  Station 
2184  Langley  Street 
Willow  Grove  PA  19090- 
2154431152  2154431125 


John  Emerson 
Raytheon 

P.O.  Box  85,  Bldg  99 
Wichita  KS  67201-0085 


James  D.  Etherridge 
OC-ALC/LALR 
Oklahoma  City  OK 
4057392806  4057397189 


333 


Claude  Eubanks 
917  MS 

Barksdala  AFB  LA  71110-2285 
3184567013  3184569075 


MSgt  Roy  M.  Fontaine 
305  RQS/MAC 
Davis-Monthan  AFB 
Tucson  AZ  85707- 


James  A.  Ford 

Air  Force  Flight  Test  Center 

6510TW/DOEM 

Edwards  AFB  CA  93523-5000 


Jobst  Frank 
German  Liason  Office 
P.O.  Box  33668 

Wright-PattersonAFB  OH  45433-0668 
9372556660  9372557260 


Dr.  Lawrence  Gallacher 
King  Industries 
Science  Road 
Norwalk  CT  06852- 


William  F.  Gentit 
Akzo  Chemicals,  INC. 

5  Livinstone  Avenue 
Dobbs  Ferry  NY  10522-3407 


F-16  Hydraulics 
00-ALC/LFAM 
6080  Gum  Lane 
Hill  AFB  UT  84056-5825 


James  Ford 
412TW/TSSS 
195  E.  Popson  Avenue 
Edwards  AFB  CA  93524-6841 


Paul  Fournier 
Aeroquip  Ccaporation 
2500  W.  Argyce 
Jackson  MI  49202- 
5177894711  5177894716 


Bruce  L.  Fuhrman 
2264  kinderkamack  Road 
River  Edge  NJ  07661- 


WilliamW.  Garmier 
Renewable  Lubricants,  INC. 
476  Grigy  Road 
HartvilleOH  44632- 


Ronald  H.  Gerson 
Solutia,  INC. 

10300  Olive  Road 

St.  Louis  MO  63166-6760 
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Kathryn  E.  Godbum 
Naval  Aviation  Depot 
Norfolk  VA  23511-5899 


Dr.  Patrick  E.  Godici 

Exxon  Research  and  Engineering  Company 
P.O.  Box  51 
Linden  NJ  07036- 


Doug  Griswold 
Cessna  Aircraft  Company 
P.O.  Box  7704 
Wichita  KS  67277-7704 


Roger  D.  Grummond 
Allied  Signal 
One  First  National  Plaza 
Dayton  OH  45402- 


Hemant  Gupta,  PLD 
Esterline  TA  Mfg. 

375  West  Arden  Avenue 
Glendale  CA  91209-2500 
8182404600  8182413948 


Mark  Heitert 
AMSAM-AR-EPT-5681 
Redstone  Arsenal  AL  35898-5000 


John  F.  Herber 
Berber  and  Associates 
29  Crestwood  Drive 
St.  Louis  MO  63105- 


Percy  Gros 
EMTEC 

3171  Research  Blvd 
Kettering  OH  45420- 


Lee  Gulley 
AFRL/MLSC 

Wright-Patterson  AFB  OH  45433-7718 
9376565696 


Jim  Harris 
OO-ALC/LFSM 
6080  Gum  Lane,  Bldg  1212 
Hill  AFB  UT  84056-5825 


Wayne  E.  Henly 
Busak  +  Shamban 
2531  Bremer  Drive 
Fort  Wayne  IN  46801- 
2197499631 


2Lt  Patrick  Hernandez 

OL-ALC/LAKRA 

3001  Staff  Drive 

Tinker  AFB  OK  73145-3022 

4057367920 


335 


Dr.  Edward  T.  Hessel 
King  Industries 
Science  Road 
Norwalk  CT  06852- 


John  Hjelm 

New  York  Aircraft  Certification  Office 
10  Fifth  Street,  3rd  Floor 
Valley  Stream  NY  11581- 


Jason  Hoheisel 
Cessna  Aircraft  Company 
One  Cessna  Blvd 
Wichita  KS  67215- 
3169418482  3169415830 


HQACC/LGBl 
ATTN:  Hydraulic 
130  Douglas  Street 
Langley  AFB  VA  23665-2791 


HQ  ACC/LGF16 
-TTN:  Hydraulic 
Douglas  Street 

Langley  AFB  VA  23665-2791 


HQ  ACC/LGFB2 
ATTN:  Hydraulics 
130  Douglas  Street 
Langley  AFB  VA  23665-2791 


MSgt  Kevin  Hibbs 
927  MXS/LGMCP 
Sang  MI  48045-5046 


Donna  I.  Hoel 

Exxon  Research  and  Engineering  Company 
P.O.  Box  51 
Linden  NJ  07036- 


Sr A  Everett  H.  House,  Jr. 

509th  Maintenance  Squadron 
465  Arnold  Avenue 
Whiteman  AFB  MO  65305-5309 
6606877685  6606871064 


HQ  ACC/LGF15 
ATTN:  Hydraulic 
130  Douglas  Street 
Langley  AFB  VA  23665-2791 


HQ  ACC/LGF52 
ATTN:  Hydraulic 
130  Douglas  Street 
Langley  AFB  VA  23665-2791 


Dr.  Maureen  Hunter 
King  Industries,  INC. 
Science  Road 
NtrwalkCT  06852- 
2038665551  2038660425 
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Dr.  Norman  Jacobson 
Castrol,  INC. 

240  Centennial  Avenue 
PiscatawayNJ  08854- 


Ken  Janda 

OC-ALC/LHRH 

3001  Staff  Drive,  2AE193A 

Tinker  AFB  OK  73145-3021 

4057365401 


Jon  Jeffery 

Abex/NWL 

2220  Palmer  Avenue 

Kalamazoo  MI  49001-4165 


Thomas  J.  Karol 
RT  Vanderbilt  Company,  INC. 
30  Winfield  Street 
Norwalk  CT  06856-5150 


Dr.  B.  Khorramian 
Material  Innovation,  INC. 
130  Woodridge  Place 
LeoniaNJ  07605- 
2019448160  2019442561 


Paul  Knerr 

Canyon  Engineering  Products,  INC. 
24773  Avenue  Rockefeller 
Valencia  CA  91355- 


Richard  James 
433  MXS/LGMCP 
203  Galaxy  Road 
Kelly  AFB  TX  78241- 


Tom  Jarvis 

7838  Highwood  Avenue 
La  Mesa  CA  91941- 


SrA  William  Jennings 
4CRS/LGMCP 
1305  Hanger  Row,  Bldg  4534 
Seymour  Johnson  AFB  NC  27531- 


Richard  Kelly 
HATCO  Corporation 
1020  King  George  Post  Road 
Fords  NJ  08863- 
7327383633  7327389885 


Gary  H.  Kling 
Catepillar,  INC. 

P.O.  Box  1875 
Peoria  IL  61656-1875 


Paul  Koenig 
OC-ALC/LALR 
5009  SE  85th  Street 
Oklahoma  City  OK  73135- 
4057397191  4057397189 
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Dennis  M.  Kruep 
Boeing 

P.O.  Box  516,  MS/S034-1240 
St.  Louis  MO  63166-0516 
3142325203  3142322242 


Richard  Ladd 
SA-ALC/LDEE 
485  Quentin  Roosevelt  Road 
Kelly  AFBTX  78241-6426 
2109254765  2109458606 


Thomas  Lawler 
Electric  Boat  Corporation 
75  Eastern  Point  Road 
Groton  CT  06340-4989 


Joe  Lundquist 
Pall  Aerospace  Company 
5775  Rio  Vista  Drive 
Clearwater  FL  33760- 
8135398448  8135330401 


B.  Magerus 
OC-ALC/LAB 

Tinker  AFB  OK  73145-3019 


Ron  McGregor 
HQ  AFSA/SES 
9700  Avenue  G  SE 
Kirtland  AFB  NM  87117-5670 


Abhay  Kumar 
Allied  Signal  Aerospace 
717  North  Bendix  Drive 
South  Bend  IN  46620- 
2192314211  2192314330 


Richard  Ladd 
SA-ALC/LDE 
485  Quentin  Roosevelt  Road 
Kelly  AFB  TX  78244-6426 
2109254765  2109258606 


Dennis  R.  Lucas 

Bell  Helicopter  Textron,  INC. 

P.O.  Box  482 

Fort  Worth  TX  76101- 


Bamey  Magerus 
OC-ALCLABEF 
3001  Staff  Drive 
Tinker  AFB  OK  73145- 
4057367444  4057365598 


Randy  McElroy 
Greene  Tweed  &  Company 
2075  Detweter  Road 
KulpsvillePA  18041- 
2156796981  2156796982 


Amy  Mercado 
ASC/RASG,  Bldg  557 
Wright-Patterson  AFB  OH  45433- 
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Paul  W.  Michael 
Benz  Oil 

2724  West  Hampton  Avenue 
Milwaukee  WI  53209- 


Steven  A.  Millett 
Boeing 

P.O.  Box  3707  MC  73-47 
Seattle  WA  98124-2207 
4252343908  4252370052 


Avi  Mordkowitz 
Parker  Aerospace 
14300  Alton  Parkway 
Irvine  CA  92618-4110 
7144584110  7146994890 


Ralph  B.  Mowery 

US  Army  Tank  Automotive  R.D&E  Center 
AMSTA-TR-D/210 
Warren  MI  48397-5000 
8105744220  8105749244 


Dr.  Philip  Miller 
British  Embassy 
3100  Massachusetts  Avenue 
Washington  DC  20008- 


Valerie  S.  Montano 
439  MXS  HydrauUc  Ship 
350  Hanger  Avenue 

Westover  Air  Reserve  Base  MA  01022-1728 


MSgt  Thomas  A.  Moriarty 
HQ  Air  Mobility  Warfare  Center 
5656  Texas  Avenue 
FortDixNJ  08640-7400 
6095622468  6096523152 


SMSgt  Donald  Murray 
HQ  AMC/LGBE 
402  Scott  Drive,  Unit  2A2 
Scott  AFB  IL  62225-5308 


William  A.  Muth 
•4^  MS/LGMCP 
■  Arnold  Avenue 
Whiteman  AFB  MO  65305- 
6606873987  6609753895 


OC-ALC/LAK 

ATTN:  Hydraulics 

Tinker  AFB  OK  73145-3019 


Todd  Nadasdi 
Imperial  Oil 
453  Christina  Street 
Sarnia  ON 

5193392978  5193392317 


OC-ALC/LAL 

ATTN:  Hydraulics 

Tinker  AFB  OK  73145-3019 
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OC-ALC/LH 

ATTN:  Hydraulics 

Tinker  AFB  OK  73145-3019 


John  F.  Ohlson 
SabCT  Systems,  INC. 
921  Judie  Lane 
Ambler  PA  19002- 


Rick  Osterman 
9C  30/GK 

8900  E.  Washington  Blvd 
Pico  Rivera  CA  90660- 
5629425913  5629488870 


Frank  X.  Parrone 
Abex/NWL 
2220  Palma*  Avenue 
Kalamazoo  MI  49001-4165 


Joesph  M.  Perez 
Pennsylvainia  State  University 
105  Fenske  Laboratory 
University  Park  PA  16802-4400 


Kathryn  G.  Porter 
452  MXS 

600  Central  Avenue 
Riverside  CA  92507- 
9097877862 


OC-ALC/LK 

ATTN:  Hydraulics 

Tinker  AFB  OK  73145-3019 


Rohn  Olson 

Bell  Helicopter  Textron,  INC. 

P.O.  Box  482 

Fort  Worth  TX  76101- 


MSgt  Jim  Pangrac 
355  CRS/LGMCP 
Davis-Monthan  AFB 
Tucson  AZ  85730- 


Ratee  T.  Patel 
NAVSEA 

2531  Jefferson  Davis  H  .vy 
Arlington  VA  22242-5160 
7036029254  7036024746 


Neil  Perrine 
Aeroquip  Corporation 
2500  W.  Argyce 
Jackson  MI  49202- 
5177894785  5177894716 


Thomas  S.  Pugh 
Lockheed  Martin 
1011  Lockheed  Way 
Palmdale  CA  93599-5432 
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John  Pulsifer 
NADEPNI 
NADEP  North  Island 
San  Diego  CA  92135- 
6195454551  6195453433 


Michael  J.  Raab 
Huls  America,  INC. 

80  Centennial 
PiscatawayNJ  08855- 


Ronald  W.  Rapp 
Sundstrand  Corporation 
4747  Harrison  Avenue 
Rockford  IL  61125-7002 


Frank  A.  Reagan 
Lubricating  Specialties  Company 
8015  Paramount  Blvd 
Pico  Rivera  CA  90660-4888 


David  Renner 
28thBS/MAOS 
797  First  Street 
Dyess  AFB  TX  79607- 
9156963682  9156963683 


Paul  Roberts 

Greene  Tweed  &  Company 
1555  Bustard  Road 
KulpsvillePA  19443-0217 
2152569521  2154122980 


Ben  Pumphrey 
Northrop  Grumman 
8900  E. Washington  Blvd 
Pico  Rivera  CA  90660- 
5629480897  5629488146 


Todd  A.  Ramsey 
440  MXS  GMIAP-ARS 
300  E.  Collage  Avenue 
Milwaukee  WI  53207- 
4144825502 


Angela  Raque 
Electric  Boat  Corporation 
75  Eastern  Pt.  Road 
Groton  CT  06340^989 
860433 1 174  8604333972 


Sean  G.  Renden 
Busak  +  Shamban 
3904  Del  Amo  Blvd. 
Torrance  CA  90503- 
3103711025  3103713135 


John  R.  Rice 

Cessna  Aircraft  Con:5)any 
P.O.  Box  7704 
Wichita  KS  67277-7704 


Stephen  H.  Roby 
The  Lubrizol  Corporation 
29400  Lakeland  Blvd 
Wickliffe  OH  44092-2298 
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Manfred  Runkel 
Dowty  Aerospace 
1700  Business  Center  Drive 
Duarte  CA  91010-2859 
6263599211  6263587632 


Gordon  L.  Rusk 

CartCT  Company 

671  W.  Seventeenth  Street 

Costa  Mesa  CA  92627-3605 


Ted  Savard 

Lockheed 

P.O.  Box  748 

Fon  Worth  TX  76101- 


Jean  J.  Schweitzer 
VickCTS,  INC. 

5353  Highland  Drive 
Jackson  MS  39206- 
6019873477  6019875255 


Howard  Sculthorpe 
Hydraulics  Engineering 
9  Captain  Wylly  Road 
Jekyll  Island  GA  31527- 


Shawn  Seat 
TACOM-TARDEC 
AMSTA-TR-D/210 
Warren  MI  48397-5000 
8105744224  8105744123 


Jeffrey  G.  Rusk 
J.C.  Carter  Company,  INC. 
671  W.  Seventeenth  Street 
Costa  Mesa  CA  92627-3605 
7145483421  7147522997 


Terry  Ryan 

Hydraulics  International,  INC. 
9201  Independence  Avenue 
ChatsworthCA  91311- 


Steven  Schwartz 
Ausimont,  INC. 

3914  Miami  Road,  Suite  303 
Cincinnati  OH  43227- 
9372719455 


Jean  Schweitzer 
Vickers,  INC. 

5353  Highland  Drive 
Jackson  MS  39206-3449 


Edward  B.  Seaman 
AFRL/MLQE 
139  Barnes  Dr 
TyndalAFBFL  32403- 
8502836290  8502836064 


Charles  A.  Sharo 

American  Oil  and  Supply  Company 
238  Wilson  Avenue 
Newark  NJ  07015- 
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Robert  Shick,  Jr. 

Boeing 
P.O.  7730 

Wichita  KS  67277-7730 
3165264159  3165233130 


Jim  N.  Siegel 
Solutia,  INC. 

10300  Olive  Road 

St.  Louis  MO  63166-6760 


Jerry  Sieron 

Universal  Technology  Corporation 
1270  Fairfield 
Dayton  OH  45432-2600 
9374268530  9374267753 


Richard  Skillman 
Exxon  Research  &  Engineering 
P.O.  Box  751 
KindenNJ  07036- 
9084743319  9084742085 


A-lO/F-111  SPO  SM-ALC/LAF 
ATTN:  Hydraulics 
5020  Dudley  Blvd 
McClellan  AFBCA  95652-1391 


Davey  Smith 

Northrop  Grumman  Corporation 
2850  Presidential  Drive,  Suite  100 
Fairborn  OH  45324- 


Les  Shobe 
Cal-Draulics,  INC. 

320  North  Delilah  Street 
Corona  CA  91719- 
9093401067  9093401068 


Wayne  Sieols 
Exxon  Company  USA 
800  Bell  Street 
Houston  TX  77002- 
7136563085  7136560606 


Robert  Silverstein 
The  Orelube  Corporation 
201  East  Bethpage  Road 
PlainviewNY  11803- 


Gregg  N.  Skledar 
Chevron  Chemical  Conqjany 
1301  McKinney,  Room  1008 
Houston  TX  77253- 


TSgt  Patil  E.  Smith 
23  Bomb  Squadron/Maosh 
41 1  Fighter  Road 
Minot  AFBND  58705- 
7017231951 


B.M.  Soileau 

Lockheed  Martin  Tactical  Aircraft  Systems 
P.O.  748,  M25850 
Fort  Worth  TX  76101- 
8177773490  8277770119 
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Mark  R.  Starz 

Lockheed  Martin  Aeronautical 
86  South  Cobb  Drive 
Marietta  GA  30063-0185 


John  S.  Straiton 
Exxon  Conpany,  USA 
800  Bell  Street 
Houston  TX  77002- 
7136564049  7136565301 


Paul  A.  Sutor 

Surfaces  Research  and  Applications 
8330  Melrose  Drive 
Lenexa  KS  66214- 


David  F.  Tatterson 

Business  Development  Products  technology 
150  West  Warrenville  Road 
N^rvilleDL  60566-7011 


William  G.  Thelen 
Aeroquip  Corporation 
300  South  East  Avenue 
Jackson  MI  49203-1972 
5177878121  5177875758 


Renee  Todzia 

Royal  Lubricants  Company 

P.O.  Box  518 

East  Hanover  NJ  07936- 


Dr.  Anm  K.  Trikha 
Boeing 

P.O.  3707  MS  02/KC 
Seattle  WA  98124-2207 
4252942691  4252942299 


Carol  Svisco 
6060  Gander  Road 
Dayton  OH  45424- 
9372361416 


Dwayne  E.  Tharp  Ph.D. 
Catepillar,  INC. 

P.O.  Box  1875 
Peoria  IL  61656-1875 


RickThoman 
Greene  Tweed  &  Company 
2075  Detwiler  Road 
KulpsbillePA  19443-0305 


SMSgt  Jason  Traylor 
ASCATLD 

Wright-Patterson  AFB  OH  45433- 
9372553117  9376564674 


Kenneth  J.  Ugowski 
MOOG,  INC. 

East  Aurora  NY  14052-0018 
7166875519  7166874504 
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Robert  Upchurch 
LearJet 

P.O.  Box  7707 
Wichita  KS  67277-7707 
3169462060  3169467133 


Edward  Walling 
NSWCCD-SSES 
Naval  Business  Center 
Philadelphia  PA  19112-5083 
2158977860  2158978027 


Mark  C.  Weyer 

Hydraulics  &  Mechanics  Flight  Control 
P.O.  Box  16858,  MSP32-33 
PhUadelphiaPA  19142-0858 


Michael  J.  Whisnant 
Allied  Signal  Bendix 
1 1 600  Sherman  Way 
North  Hollywood  CA  91605-5887 


BrnWilUams 
910th  Air  Reserve  Station 
3976  King  Graves  Road 
Vienna  OH  44473-0910 
3306091351  3306091350 


Terry  C.  Wolfe 
Solutia 

10300  Olive  Road 
St.  Louis  MO  63166- 
3146744042  3146744266 


Clifford  G.  Venier 
Pennzoil  Products  Company 
P.O.  Box  7569 
Woodlands  TX  77387- 


Neal  C.  Werner 
Pall  Aerospace  Company 
5775  Rio  Vista  Drive 
Clearwater  FL  33760- 
8135398448  8135330401 


Jerry  C.  Wheels 
19th  MXS 

235  Leisure  Lake  Drive 
Warner  Robins  GA  31088- 
9123291339 


TSgt  Jeffery  S.  Williams 
74  MDOS/SGO 
4881  Sugar  Maple  Drive 
Wright-Patterson  AFB  OH  45433- 
9372571267  9376561830 


Dave  Wittchen 
Vickers,  INC. 

5353  Highland  Drive 
Jackson  MS  39206-1177 


Marvin  Wood 

Lockheed  Martin  Tactical  Aircraft  Systems 
8177774922  8177633477 
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WR-ALC-LB 

ATTN:  Hydraulics 

265  Ocmulgee  Ct 

Robins  AFB  GA  31098-1647 


WR-ALC/U 

ATTN:  Hydrualics 

270  Ocmulgee  Ct 

Robins  AFB  GA  31098-1646 


WR-ALC/LN 

ATTN:  Hydraulics 

265  Perry  Street 

Robins  AFB  GA  31098-1607 


WR-ALC/LV 

ATTN:  Hydraulics 

225  Ocmulgee  Ct 

Robins  AFB  GA  31098-1647 


Bemie  Wright 

Southwest  Research  Institute 

6220  Culebra  Road 

San  Antonio  TX  78228-0510 


Ronald  E.  Zielinski 
PolyMod  Technologies,  INC. 
P.O.  Box  10180 
Fort  Wayne  IN  46851-0180 
2194361322  2194326051 


WR-ALC/LF 
ATTN:  Hydraulics 
296  Cochran  Street 
Robins  AFB  GA  31098-1622 


WR-ALC/LK 
ATTN:  Hydraulics 
460  2nd  Street 

Robins  AFB  GA  31098-1640 


WR-ALC/LU 
ATTN:  Hydraulics 
226  Cochran  SU'eet 
Robins  AFB  GA  31098-1647 


WR-ALC/LY 
ATTN:  Hydraulics 
380  3rd  Street 

Robins  AFB  GA  31098-1638 


Derek  J.  Young 
LearJet,  INC. 

One  Learjet  Way 
Wichita  KS  67277-7707 
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MSgt  Alvarez  Andres  Ronald  D.  Elliott 

37tli  AirMft  Squadron  DERA 

Unit  7335  Famsorough  England 

Ramstein  AB  Germany  09094-5000 

4802316  4809295 


Ridley  Fidler 
Parker  Aerospace 
55252  Mainz 
Kastel  Germany 


SSgt  William  M.  Jacobs 
37tli  Airlift  Squardron 
PSC  1  Box  3991 
Ranstein  AB  Germany 
4806118  4809933 


Peter  W.  Keenan 

British  Aerospace  Airbus  Limited 

New  Fulton  House 


Mr.  P.R.  Poitras 
DGEPS/QETE  5 
Ottawa  On  KIA  OK2  Canada 
8199978769  8199974096 


TSgt  Henry  L.  Staten 
86  MXS/LGMCH 
Unit  3195 

Ramstein  AB  Germany  09094-5000 


George  A.  Kribs 
Shamban  Emopa  A/S 
Fabriksvej  17 

DK-3000  Helsingor  England 


Mr.  Sohel  Potia 

Royal  Air  Force 

PET  CG  QA(RAF)  Room  46 

Huntingdon  Cams  Peiz2ea  England 


Jean  Szydywar 
Directeur  Technique 
51,  rue  De  Ponthieu 
75008  Paris  France 
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33D  FLIGHT  TEST  SQUADRON 

‘‘Enhancing  Mobility  Through  Responsive  Operational  Test  and  Evaluation*' 


OVERVIEW 

Each  major  command  has  separate  test  agencies  that  perform  command-specific 
operational  testing  to  ensure  a  new  system  or  pieces  of  equipment  meets  the  user’s 
requirements.  The  33d  Flight  Test  Squadron  (33  FLTS)  is  the  Air  Mobility  Command’s 
(AMC)  agency  for  operational  test  and  evaluation  on  all  AMC  aircraft  and  systems. 
Located  at  Fort  Dix,  New  Jersey,  the  33  FLTS  is  a  squadron  within  the  Air  Mobility 
Warfare  Center  (AMWC),  AMC’s  centralized  education,  training,  and  test  organization. 
The  33  FLTS  provides  AMC  with  centralized  expertise  for  enhancing  air  mobility.  Part 
of  our  mission  is  to  ensure  new  systems  and  equipment  perform  “as  advertised’’  and  can 
be  supported.  New  squadron  personnel  are  selected  from  a  broad  spectrum  of  operational 
skills  (e.g.,  aircrew,  maintenance,  transportation,  electronic  warfare,  aeromedical,  and 
communications)  and  are  trained  to  form  the  nucleus  of  the  test  organization — the  Test 
Director. 


ORGANIZATION 

The  33  FLTS  is  an  extension  of  HQ  AMC  and  works  directly  for  HQ  AMWC/CC.  The 
33  FLTS  maintains  a  close  relationship  with  the  Directorate  of  Test  and  Evaluation 
(HQ  AMC/TE) — the  focal  point  of  testing  within  AMC.  The  33  FLTS  Commander, 
Operations  Officer,  and  Commander’s  Secretary  comprise  the  Command  Section.  The 
33  FLTS  has  four  flights  (Logistics  Flight,  Mobility  Flight,  Systems  Flight,  and 
Operations  Support  Flight),  a  Detachment  (DET  1)  at  Charleston  AFB  SC,  and  five 
operating  locations  (Natick  MA,  Yuma  AZ,  Fort  Lee  VA,  Fort  Bragg  NC,  and  Dobbins 
GA.). 


LOGISTICS  FLIGHT 

The  Logistics  Flight  (TEL)  tests  and  evaluates  the  operational  effectiveness  and  logistical 
suitability  of  new  and/or  modified  aircraft  systems  and  support  equipment.  They 
determine  if  the  equipment  meets  the  user’s  requirements  and  how  well  it  meets  those 
requirements.  This  is  done  by  evaluating  the  system’s  reliability,  maintainability,  and 
availability.  In  addition,  each  new  or  modified  system  is  evaluated  based  on  the  elements 
of  logistics:  design  interface;  support  equipment;  supply  support;  packaging,  handling, 
storage,  and  transportation;  computer  resources;  technical  data;  manpower  and  personnel; 
maintenance  planning;  training;  and  facilities.  Although  TEL’s  tests  may  take  some  time 
to  accomplish,  the  data  gained  is  vital  in  enabling  decision-makers  to  make  an  informed 
acquisition  decision. 
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WHY  DO  WE  TEST? 


Test  and  Evaluation  (T&E)  is  a  vital  ingredient  to  the  successful  development, 
acquisition,  and  employment  of  a  new  or  modified  system.  The  primary  purpose  of  T&E 
is  the  reduction  of  risk  when  fielding  a  new  system.  T&E  reduces  this  risk  by  verifying 
the  system  meets  or  exceeds  customer  requirements.  Operational  Test  and  Evaluation 
(OT&E)  is  intended  to  test  a  new  or  modified  system  in  a  realistic  environment  to  assess 
its  operational  effectiveness  and  suitability  prior  to  fielding.  The  33  FLTS  ensures  new 
ideas  and  developments  meet  the  customer’s  needs,  whether  it’s  in  the  aircraft, 
maintenance  shop,  or  anywhere  in  AMC.  We  test  to  find  problems  before  the  system  is 
deemed  “fully  operational.” 


WHAT  IS  THE  TEST  PROCESS? 

The  test  process  evolves  when  a  user’s  need  is  identified  and  approved — it  can  be  a  new 
weapon  system,  support  equipment,  avionics  suite,  or  software  upgrade.  In  AMC,  the 
user  writes  a  test  request  and  sends  it  to  HQ  AMC/TE.  HQ  AMC/TE  uses  the  test  request 
to  generate  a  test  order,  which  in  turn  is  sent  to  the  33  FLTS — this  completes  the  formal 
tasking  to  begin  testing.  The  Test  Director  then  develops  a  test  plan  for  execution.  The 
test  is  complete  when  the  final  report  is  staffed  and  approved  by  HQ  AMC.  Test  results 
are  used  to  make  procurement  decisions  on  new  and  modified  systems.  Procedures  to 
submit  a  test  request  can  be  found  in  AMCI 99-101. 


LOGISTICS  FLIGHT  PERSONNEL 


LOGISTICS  FLIGHT  COMMANDER 
Lt  Col  Arnold  Flores 

Lt  Col  Flores  has  16  years  of  aircraft  maintenance  experience  on  C-5,  C-9,  C-130,  C-141, 
T-37,  and  T-38  aircraft.  He  has  served  as  an  Aircraft  Maintenance  Officer,  47*'’  Flying 
Training  Wing,  Laughlin  AFB  TX;  Commander,  Detachment  219,  3754*  Field  Training 
Squadron,  Dover  AFB  DE;  Aircraft  Maintenance  Officer,  436*  Military  Airlift  Wing, 
Dover  AFB  DE;  Aircraft  Maintenance  Officer,  435*  Tactical  Airlift  Wing,  Rhein-Main 
AB  GE;  and  as  Commander,  624*  Maintenance  Squadron,  Pope  AFB  NC.  He  received 
his  Bachelor  of  Science  Degree  from  the  Air  Force  Academy  and  his  Masters  Degree 
from  Wilmington  College.  He  also  holds  a  Department  of  Defense  Level  I  certification 
in  Acquisition  Logistics  and  Test  and  Evaluation. 
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MAINTENANCE  TEST  DIRECTOR 


Capt  Phillip  Greco 

Capt  Greco  has  1 1  years  of  aircraft  maintenance  experience  on  C-5,  C17,  C-141,  KC-10, 
and  KC-135  aircraft.  He  has  served  as  Communication  and  Navigation  Shop  OIC,  and 
Guidance  and  Control  Branch  OIC,  437***  Avionics  Maintenance  Squadron,  Charleston 
AFB  SC;  Systems  Branch  OIC,  437“*  Field  Maintenance  Squadron,  Charleston  AFB  SC; 
Maintenance  Officer,  1680“*  (P)  Airlift  Control  Element,  Riyadh  AB,  Saudi  Arabia; 
Green  Aircraft  Maintenance  Unit  OIC,  437th  Aircraft  Generation  Squadron,  Charleston 
AFB  SC;  and  Maintenance  Supervisor,  627'*’  Air  Mobility  Support  Squadron,  RAF 
Mildenhall  UK.  He  received  his  Bachelor  of  Arts  from  Vassal  College  and  his  Masters 
of  Science  from  the  University  of  Pennsylvania.  He  also  holds  a  Department  of  Defense 
Level  II  certification  in  Acquisition  Logistics,  and  Test  and  Evaluation. 


TRANSPORTATION  TEST  DIRECTOR 
Capt  Howard  Thomas 

Capt  Thomas  has  7  years  of  transportation  and  logistics  experience  with  the  463L 
Material  Handling  Equipment  System.  He  has  served  as  Air  Terminal  Operations  Center 
Flight  Commander;  airfreight  Flight  Commander;  Passenger  Service  Flight  Commander; 
Combat  Readiness  Flight  Commander;  Vehicle  Maintenance  Flight  Commander;  and 
Vehicle  Operations  Flight  Commander.  Assignments  include  Columbus  AFB  MS,  Minot 
AFB  ND,  McChord  AFB  WA,  and  Fort  Dix  NJ.  He  holds  a  Bachelor  of  Science  Degree 
from  the  University  of  Missouri. 


LOGISTICS  TEST  MANAGER 
CMSgt  Lawrence  Milano 

Chief  Milano  has  21  years  of  aircraft  flightline  and  in-shop  maintenance  experience  on 
F-4C,  KC-135A,  FB-111,  T-37,  T-38,  F-5,  and  B-2  aircraft.  He  has  worked  as  a  Jet 
Engine  Technician,  Jet  Engine  Instructor,  Production  Superintendent,  Test  Director,  and 
Flight  Chief.  Assignments  include  Holloman  AFB  NM,  Kadena  AB  Japan,  Moody  AFB 
GA,  Plattsburgh  AFB  NY,  Williams  AFB  AZ,  Edwards  AFB  CA,  and  Fort  Dix  NJ.  His 
education  includes  a  Bachelor  of  Science  in  Aviation  Management  from  Embry-Riddle 
Aeronautical  University;  two  Associates  of  Applied  Science  Degrees  from  CCAF;  and  an 
Associate  of  Applied  Science  Degree  from  Rio  Salado  Community  College.  He  also 
holds  a  Federd  Aviation  Administration  Airframe  and  Powerplant  License,  and  a 
Department  of  Defense  Level  I  Acquisition  Logistics  Certification. 
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AEROSPACE  SYSTEMS  LOGISTICS  TEST  SUPERINTENDENT 


SMSgt  Michael  Corson 

SMSgt  Corson  has  21  years  of  aircraft  flightline  and  in-shop  maintenance  experience  on 
B-52G,  C-130E,  C-141B,  KC-135A/R  aircraft.  He  has  worked  as  a  Pneudraulic 
Technician,  Pneudraulic  Shop  Chief,  Specialist  Flight  Chief,  Production  Superintendent, 
and  Sortie  Generation  Flight  Chief.  Assignments  include  Pope  AFB  NC,  Griffiss  AFB 
NY,  McGuire  AFB  NJ,  and  Fort  Dix  NJ.  His  education  includes  an  Associate  in  Applied 
Science  Degree  from  CCAF  and  he  is  a  graduate  of  the  Strategic  Air  Command 
Maintenance  University,  Carswell  AFB  TX.  He  also  holds  a  Federal  Aviation 
Administration  Airframe  and  Powerplant  License,  and  a  Department  of  Defense  Level  I 
Acquisition  Logistics  Certification. 


AIRCRAFT  COMMUNICATIONS  AND  NAVIGATION  LOGISTICS 

SUPERINTENDENT 

SMSgt  Timothy  Lucas 

SMSgt  Lucas  has  13  years  of  aircraft  flightline  and  in-shop  maintenance  experience  on 
C-130,  C-135,  C-21,  EC- 135,  HH-53,  and  T-33  aircraft.  He  has  worked  as  a  Navigation 
Specialist,  Navigation  Shop  Chief,  Project  Speckled  Trout  Communication  and 
Navigation  Technician,  Project  Speckled  Trout  Communication  and  Navigation  NCOIC, 
and  Project  Speckled  Trout  Avionics  Shop  Chief.  Assignments  include  Hickam  AFB  HI, 
Andrews  AFB  MD,  Edwards  AFB  CA,  and  Fort  Dix  NJ.  His  education  includes  a 
Bachelor  of  Science  Degree  from  Concord  College  WV  and  an  Associate  in  Applied 
Science  Degree  from  CCAF.  He  also  holds  a  Department  of  Defense  Level  I  Acquisition 
Logistics  Certification. 


AIRCRAFT  GUIDANCE  AND  CONTROL  LOGISTICS  SUPERINTENDENT 

MSgt  Michael  Quinn 

MSgt  Quinn  has  15  years  of  aircraft  flightline  and  in-shop  maintenance  experience  on 
B-52G/H,  KC-10,  and  KC-135A  aircraft.  He  has  worked  as  an  Autopilot  Specialist, 
Autopilot  Shop  Chief,  Guidance  and  Control  Technician,  Guidance  and  Control  Shop 
Chief,  Maintenance  Expediter,  and  Production  Superintendent.  Assignments  include 
Grand  Forks  AFB  ND,  Griffiss  AFB  NY,  McGuire  AFB  NJ,  and  Fort  Dix  NJ.  His 
education  includes  an  Associate  Degree  in  Applied  Science  from  CCAF  and  he  holds  a 
Department  of  Defense  Level  I  Acquisition  Logistics  Certification. 
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AIRCRAFT  ELECTRO-ENVIRONMENTAL  LOGISTICS  SUPERINTENDENT 


MSgt  Daniel  Romano 

MSgt  Romano  has  14  years  of  aircraft  flightline  and  in-shop  maintenance  experience  on 
B-52H,  C-130,  C-141,  KC-10,  KC-135Q,  RF-4C,  SR-71,  T-38,  TR-1,  and  U-2R  aircraft. 
He  has  worked  as  an  Electrical  Systems  Specialist,  Electro-Environmental  Technician, 
Electro-Environmental  Shop  Chief,  Element  Chief,  and  Quality  Assurance  Inspector. 
Assignments  include  McChord  AFB  WA,  Osan  AB  ROK,  Beale  AFB  CA,  Griffiss  AFB 
NY,  McGuire  AFB  NJ,  and  Fort  Dix  NJ.  His  education  includes  an  Associate  Degree  in 
Applied  Science  from  CCAF  and  he  holds  a  Department  of  Defense  Level  I  Acquisition 
Logistics  Certification. 


AIRCRAFT  MAINTENANCE  LOGISTICS  SUPERINTENDENT 

MSgt  Kenneth  Hadley 

MSgt  Hadley  has  12  years  of  aircraft  flightline  maintenance  experience  on  C-130  aircraft. 
He  has  worked  as  a  C-130  Crew  Chief,  Resources  and  Mobility  Branch  Superintendent, 
and  C-130  Test  Director.  Assignments  include  Little  Rock  AFB  AR,  Rhein-Main  AB 
GE,  and  Fort  Dix  NJ.  His  education  includes  an  Associate  Degree  in  Applied  Science 
from  CCAF  and  he  holds  a  Federal  Aviation  Administration  Private  Pilot  License. 


AIRCRAFT  PNEUDRAULIC  SYSTEMS  LOGISTICS  SUPERINTENDENT 

MSgt  Thomas  Moriarty 

MSgt  Moriarty  has  15  years  of  aircraft  flightline  and  in-shop  maintenance  experience  on 
C-5A/B,  C-130,  C-141B,  KC-10,  and  T-39  aircraft.  He  has  worked  as  an  Aircraft 
Pneudraulic  Technician,  Maintenance  Expediter,  Element  Chief,  Maintenance 
Qualification  Training  Instructor,  and  Logistics  Training  Flight  Superintendent 
Assignments  include  Norton  AFB  CA,  Rhein-Main  AB  GE,  Barksdale  AFB  LA, 
McGuire  ATO  NJ,  and  Fort  Dix  NJ.  His  education  includes  two  Associates  in  Applied 
Science  Degrees  from  CCAF  and  he  also  holds  a  Federal  Aviation  Administration 
Airframe  and  Powerplant  License. 
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HOW  TO  CONTACT  US 


ADDRESS 


HQ  AMWC 
33  FLTS  /  TEL 
5656  TEXAS  AVENUE 
FORT  DIX,  NEW  JERSEY 
08640-7400 


OFFICE 

FAX 

VOICE  MAIL 


PHONE 

DSN  944-2468  /  5590 
DSN  944-3152/3472 
DSN  944-4101  /  EXT*** 


COMM  (609)  562-2468  /  5590 
COMM  (609)  562-3152  /  3472 
COMM  (609)  562-4101  /  EXT*** 


E-MAIL  /  PHONE  EXTENSIONS 


Lt  Col  Flores 

floresa@mcsuire.af.mil 

EXT  369 

Capt  Greco 

srecop@mcsuire.af.mil 

EXT  364 

Capt  Thomas 

thomash  @mcsuire.af.mil 

EXT  363 

CMSgt  Milano 

milanol@mcsuire.af.mil 

EXT  371 

SMSgt  Corson 

corsonm  @mc  suire.af.mil 

EXT  372 

SMSgt  Lucas 

lucast@mcsuire.af.  mil 

EXT  380 

MSgt  Quinn 

auinnm  @mcsuire.af.mil 

EXT  379 

MSgt  Romano 

romanod@mcsuire.af.mil 

EXT  370 

MSgt  Hadley 

hadleyk@mcsuire.af.mil 

EXT  365 

MSgt  Moriarty 

moriartt@mcsuire.af.mil 

EXT  366 
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CURRENT  TESTS 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)(S)/LOCATION(S): 


KC-135  Air  Refueling  Pump  Test 

26-280-96-1 

SMSgt  Corson 

412  TW  (AFMC)  /  Edwards  AFB  CA 
141  ARW  (ANG)  /  Fairchild  AFB  WA 
434  ARW  (AFRO  /  Grissom  ARB  IN 
108  ARW  (ANG)  /  McGuire  AFB  N J 
163  ARW  (ANG)  /  March  ARB  CA 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


C-5  Main  Landing  Gear  Roll  Pin  Retention  Bolt 

26-287-96 

SMSgt  Corson 

60  AMW  /  Travis  AFB  CA 

436  AW /Dover  AFB  DE 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


C-5  Main  Landing  Gear  Strut  Scraper  Ring 

26-293-97 

SMSgt  Corson 

60  AMW  /  Travis  AFB  CA 

436  AW /Dover  AFB  DE 

439  AW  (AFRO  /  Westover  ARB  MA 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


ESPA  French  Drogue  Hose  on  KC-135 

26-295-97 

SMSgt  Corson 

100  ARW  (USAFE)  /  RAF  Mildenhall  UK 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


KC-135  Air  Cycle  Machine 

26-268-94 

Capt  Greco 

22  ARW  /  McConnell  AFB  KS 

128  ARG  (ANG)  /  General  Mitchell  lAP  WI 

161  ARG  (ANG)  Sky  Harbor  lAP  AZ 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNrr(S)/LOCATION(S): 


C-141  Digital  Fuel  Quantity  Indicating  System 

1-60-90 

MSgt  Quinn 

305  AMW  /  McGuire  AFB  N J 

445  AW  (AFRO  /  Wright-Patterson  AFB  OH 

164  AW  (ANG)  /  Memphis  lAP  TN 
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TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


C-5  Aircraft  Hydraulic  Motor  Magnetic  Seals 

26-284-96 

MSgt  Romano 

436  AW/ Dover  AFBDE 

105  AW  (ANG)  /  Stewart  lAP  NY 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


Ground  Support  H-1  Heater  Assembly 

26-278-96 

MSgt  Romano 

5  BW  (ACC)  /  Minot  AFB  ND 
354  FW  (PACAF)  /  Eielson  AFB  AK 
388  FW  (ACC)  /  Hill  AFB  UT 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNn(S)/LOCATION(S): 


C-5  Anti-skid  Detector  Hub  Assembly 

26-296-97 

MSgt  Romano 

60  AMW  /  Travis  AFB  CA 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNTT(S)/LOCATION(S): 


C/KC-135  MLG  Copper  Beryllium  Axle  Bushing 

26-299-97 

Capt  Thomas 

168  ARW  (ANG)  /  Eielson  AFB  AK 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNTT(S)/LOCATION(S): 


C/KC-135  Main  Landing  Gear  Axle  Sleeve 

26-294-97 

Capt  Thomas 

121  ARW  (ANG)  /  Rickenbacker  lAP  OH 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


KC-135  Hydraulic  Reservoir  Check  Valve 

26-303-97 

MSgt  Romano 

436  AW  /  Dover  AFB  DE 

105  AW  (ANG)  /  Stewart  lAP  NY 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 

TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


PALL  Portable  Fluid  Purifier 

26-305-97 

SMSgt  Lucas 

62  AW  /  McChord  AFB  WA 

Helicopter  Ground  Handling  Wheels 

26-308-97 

Capt  Thomas 

89  AW  /  Andrews  AFB  MD 
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TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


C-5  EQUAL  Tire  Balancing  Compound 

26-309-97 

MSgt  Quinn 

60  AMW/ Travis  AFB  CA 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


Modified  C-130  Nose  Radome 

26-301-96 

MSgt  Hadley 

314  AW  (AETC)  /  Little  Rock  AFB  AR 
347  W  (ACC)  /  Moody  AFB  GA 
302  AW  (AFRO  /  Peterson  AFB  CO 
109  AW  (ANG)  /  Schenectady  Cty  Airport  NY 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


C-130  Brake  Piston  Insulator 

26-310-97 

MSgt  Hadley 

314  AW  (AETC)  /  Little  Rock  AFB  AR 


TEST  TITLE: 

AMC  TEST  NUMBER: 

TEST  DIRECTOR: 

TEST  UNIT(S)/LOCATION(S): 


KC-135  Fuel  Boost  Pump  and  Override  Pump 

26-311-98 

MSgt  Moriarty 

128  ARW  (ANG)  /  General  Mitchell  lAP  WI 
171  ARW  (ANG)  /  Pittsburgh  lAP  PA 


TEST  PUBLIC  A  TIONS 


Departmental  Publishing  Electronic  Publications.  All  of  the  following  publications 
can  be  found  on  the  Internet  at:  http://afpubs.ha.af.mil/elec-products/pubs-pages. 

Air  Mobility  Command 

AMCI  99-101  Operational  Test  and  Evaluation.  Provides  guidance  and  procedures 
for  operational  test  and  evaluation  (OT&E)  in  the  Air  Mobility  Command  (AMC).  It 
applies  to  all  AMC  agencies  and  AMC-assigned  elements  of  the  Air  Force  Reserve 
Command  and  the  Air  National  Guard  (ANG)  when  published  in  the  ANG  Index  2.  This 
instruction  describes  how  to  plan,  conduct,  and  repon  on  AMC-initiated/conducted 
OT&E. 
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Air  Force 


AFI  10-602  Determining  Logistics  Support  and  Readiness  Requirements.  Provides 
a  framework  for  defining  readiness  and  logistics  support  requirements  throughout  the 
system  acquisition  or  modification  process.  Attachment  1  defines  terms  commonly  used 
in  test.  Attachment  2  lists  the  integrated  logistics  support  elements.  Attachment  3  thru 
10  lists  the  various  types  of  measures  and  formulas  used  for  test. 

AFI  21-101  Maintenance  Management  of  Aircraft.  This  is  the  basic  Air  Force 
direction  for  aircraft  maintenance  management.  Chapter  2,  paragraph  2. 14,  ModiHcation 
Management,  defines  Air  Force  policies  and  procedures  for  accomplishing  aircraft 
modifications  and  defines  the  three  classes  of  modifications.  Paragraph  2.14.1.2,  defines 
Temporary-2  (T2)  Modifications.  The  most  commonly  used  modification  in  OT&E  is 
the  T-2  modification.  Paragraph  2.14.7  specifically  outlines  the  procedures  for  initiating 
and  completing  an  AF  Form  1067,  Modification  Proposal.  Most  modified  components 
and/or  systems  require  an  approved  AF  Form  1067  prior  to  executing  an  OT&E. 

AFI  36-2201  Developing,  Managing,  and  Conducting  Training.  Assigns 
responsibilities,  and  provides  guidance  and  procedures  for  developing,  managing,  and 
conducting  Air  Force  technical,  ancillary,  and  recruit  training.  Chapter  1 1  specifically 
describes  organizational  responsibilities  for  funding,  managing,  and  administering  special 
training  during  test. 

AFI  99-101  Developmental  Test  and  Evaluation.  Provides  mandatory  procedures  for 
the  management  of  developmental  test  and  evaluation  programs  on  systems,  subsystems, 
and  components. 

AFI  99-102  Operational  Test  and  Evaluation.  Provides  guidance  and  procedures  for 
operational  test  and  evaluation  (OT&E)  in  the  Air  Force.  It  applies  to  all  agencies 
involved  in  or  supporting  OT&E.  It  describes  how  to  prepare,  plan  for,  and  report  on 
operational  test. 

AFI  99-103  Test  and  Evaluation  Process.  This  instmction  directs  and  describes  the 
Air  Force  Test  and  Evaluation  Process  and  its  relationship  to  the  systems  acquisition 
process. 

AFI  99-109  Test  Resource  Planning.  This  instruction  defines  test  resources,  the  test 
resource  planning  process,  test  resource  usage,  and  responsibilities  associated  with  test 
resources. 

AFMAN  99-110  Airframe-Propulsion-Avionics  (A-P-A)  Test  and  Evaluation 
Process  Manual.  A  guide  for  program  managers,  test  managers,  test  engineers,  test 
organization  personnel,  major  command  headquarters  staffs,  and  others  involved  in  test 
and  evaluation  of  A-P-A  mission  area  systems. 
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AIR  FORCE  OPERATIONAL  TEST  AND  EVALUATION  CENTER 

(AFOTEC) 


AFOTEC  HANDBOOK  99-101  Test  Manapment  and  Policy  Handbook.  This 
handbook  is  intended  to  serve  as  a  definitive  guide  for  test  managers,  test  directors,  test 
teams,  and  test  support  groups  to  obtain  the  necessary  expertise  to  accomplish  a 
thorough,  credible  OT&E. 

AFOTEC  PAMPHLET  99-104  Operational  Suitability  Test  and  Evaluation.  This 
publication  tells  how  to  develop  the  operational  suitability  test  and  evaluation  portion  of 
the  test  concept,  test  plan,  and  final  report.  It  provides  definitions  of  common  terms  and 
measures,  identifies  processes  related  to  suitability  test  and  evaluation,  and  provides 
examples  of  structuring  a  test  to  answer  the  question  “Is  the  system  suitable?” 


INTEGRATED  LOGISTICS 
SUPPORT  (ILS)  ELEMENTS 


ILS  is  a  composite  of  all  support  necessary  to  ensure  effective,  economical  support  of  a 
system  throughout  its  life  cycle.  OT&E,  in  general,  is  the  primary  source  of  ILS  data. 
User  tests  are  conducted  in  a  realistic  environment  with  personnel  representative  of  those 
who  will  eventually  operate  and  maintain  the  fielded  system.  The  main  objective  of  ILS 
OT&E  is  to  verify  that  the  logistic  support  for  the  system  is  capable  of  meeting  required 
objectives.  The  following  ten  specific  DLS  elements  must  be  considered  during  test 
planning. 

1.  Design  Interface.  Consider: 

♦  Standardization  of  components,  hardwzu'e,  software,  fuel,  lubricants,  and  other 
materials 

♦  Interoperability  with  existing  systems  and  subsystems 

♦  Human  factors 

♦  Maintainability 

♦  ♦  Accessability 

♦  ♦  Serviceability 

♦  Safety 

♦  Support  equipment 

♦  Test  and  diagnostic  equipment 

♦  Metrology  and  calibration  equipment 

♦  Transportability 
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2.  Maintenance  Planning.  Consider: 

♦  Repair  levels 

♦  Repair  times 

♦  Requirements  and  constraints  inherent  in  on-equipment  maintenance 

♦  Requirements  and  constraints  inherent  in  off-equipment  maintenance 

♦  Contractor  support 

♦  Peacetime  operation 

♦  Wartime  operation 

♦  Contingency  operations 

♦  Facility  requirements 

♦  Supply 

3.  Support  Equipment  (SE).  Consider: 

♦  Transportation,  ground  handling,  and  maintenance  equipment 

♦  Reliability 

♦  Maintainability 

♦  Availability 

♦  Transportability 

♦  Maneuverability 

♦  Special  and  common  tools 

♦  Test  and  diagnostic  equipment 

♦  Metrology  and  calibration  equipment 

♦  Aircraft  battle  damage  repair  kits 

♦  Software  support  and  reprogramming  equipment 

♦  Computer  programs 

4.  Supply  Support.  Consider: 

♦  Maintenance  concepts 

♦  Operations  tempo 

♦  ♦  Peacetime  operation 

♦  ♦  Wartime  operation 

♦  ♦  Contingency  operation 

♦  Primary  operating  stock 

♦  Readiness  spares  support  concepts 

♦  Component  availability 

♦  Component  reliability 

♦  Component  criticality 

♦  Deployability 

♦  Days  of  support  without  resupply 

♦  Peculiar  mission  requirements  of  each  organization 
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5.  Packaging,  Handling,  Storage,  and  Transportation  (PHS&T).  Consider: 

♦  Capability  of  personnel  to  package,  transport,  preserve,  protect,  and  properly  handle 
all  systems,  equipment,  and  support  items. 

♦  Geographical  restrictions 

♦  Environmental  restrictions 

♦  Electrostatic  discharge-sensitive  equipment  requirements 

♦  Hazardous  material  requirements. 

♦  Standard  handling  equipment  and  procedures 

♦  Capability  of  existing  commercial  or  military  transportation  systems  and  facilities  to 
accommodate  gross  weights  and  dimensions 

♦  Capability  of  the  Container  Design  Retrieval  System  to  provide  suitable  existing 
containers 

6.  Technical  Data.  Consider: 

♦  Contractor  validated  manuals  (TO  00-5-3,  Chapter  8) 

♦  Air  Force  verified  manuals  (TO  (X)-5-3,  Chapter  9) 

♦  Adequate  notes,  cautions,  and  warnings 

♦  Minimum  cross-referencing  between  manuals 

♦  Capability  of  technical  data  or  commercial  manuals  to  support,  operate,  and  maintain 
systems  and  equipment  in  the  required  state  of  readiness 

♦  Capability  of  backup  methodologies  for  archiving  technical  data  to  protect  it  from 
destruction  during  disasters 

7.  Facilities.  Consider: 

♦  Design 

♦  ♦  Workspace  requirements 

♦  ♦  Utilities  requirements 

♦  Safety 

♦  Security 

♦  Normal  and  special  environmental  requirements  and  controls 

♦  Personnel  and  equipment  protective  systems 

♦  Hazardous  materials  handling  and  disposal 

8.  Manpower  and  Personnel.  Consider: 

♦  Air  Force  specialty  codes,  skill  levels,  and  number  of  personnel  required  to  maintain, 
repair,  and  operate  systems  and  equipment 

♦  Safety  and  health  hazards 

♦  Effect  of  planned  workloads  on  operators  and  maintenance  personnel  in  the 
operational  environment 
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9.  Training  and  Training  Support.  Consider: 

♦  Aircrew  training 

♦  Operator  training 

♦  Maintenance  training 

♦  ♦  On-equipment 

♦  ♦  Off-equipment 

♦  Mockups,  simulators,  training  aids,  and  computer  based  training  systems 

♦  Initial,  formal,  on-the  job,  and  contractor  training  (API  36-2201) 

10.  Computer  Resources  Support.  Consider: 

♦  System  requirements 

♦  Design  constraints 

♦  ♦  Spare  memory 

♦  ♦  Computer  memory  growth 

♦  ♦  Modular  design 

♦  ♦  Software  module  size 

♦  Interface  capability  with  existing  systems 

♦  Necessary  documentation 

♦  Related  software 

♦  Software  reprogramming  requirements 

♦  Source  data 

♦  System  security 

♦  Facilities 

♦  Hardware 

♦  Firmware 

♦  System  reliability 

♦  System  maintainability 

♦  Manpower 

♦  Personnel 

♦  Human-machine  interface 

♦  Operational  environment 
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